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Patricia M. French

Senior Attorney 300 Friberg Parkway
Westborough, Massachusetts 01581
(508) 836-7394
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pfrench@nisource.com

July 20, 2005

BY OVERNIGHT DELIVERY AND E-FILE

Mary L. Cottrell, Secretary

Department of Telecommunications and Energy
One South Station

Boston, MA 02110

Re: Bay State Gas Company, D.T.E. 05-27

Dear Ms. Cottrell:

Enclosed for filing, on behalf of Bay State Gas Company (“Bay State”), please find Bay
State’s responses to the following Record Requests:

From the Attorney General:

RR-AG-25 RR-AG-37 RR-AG-47 RR-AG-48 RR-AG-54

From the Department:

RR-DTE-24 RR-DTE-38 RR-DTE-44 RR-DTE-46 RR-DTE-47 RR-DTE-59
RR-DTE-60 RR-DTE-61 RR-DTE-62 RR-DTE-63 RR-DTE-64 RR-DTE-65
RR-DTE-69 RR-DTE-70

From the USWA:

RR-USWA-1 RR-USWA-2 RR-USWA-4 RR-USWA-5 RR-USWA-6 RR-USWA-7
RR-USWA-8 RR-USWA-14

From the UWUA:

RR-UWUA-2
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Please do not hesitate to telephone me with any questions whatsoever.

Very truly yours,

Patricia M. French
Per Ground Rules Memorandum issued June 13, 2005:

Paul E. Osborne, Assistant Director — Rates and Rev. Requirements Div. (1 copy)
A. John Sullivan, Rates and Rev. Requirements Div. (4 copies)

Andreas Thanos, Assistant Director, Gas Division (1 copy)

Alexander Cochis, Assistant Attorney General (4 copies)

Service List (1 electronic copy)



COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF TELECOMMUNICATIONS AND ENERGY

RESPONSE OF BAY STATE GAS COMPANY TO
RECORD REQUESTS FROM THE ATTORNEY GENERAL
D.T.E. 05-27

Date: July 20, 2005

Responsible: John Skirtich, Consultant (Revenue Requirements)

RR-AG-25:  Provide the dollar amount that was paid out by the company and included
in the test-year cost of service for the judgments and settlements listed in
AG-1-79, supplemental response.

Response:  The amounts shown in the third column represent one-fifth of the
amounts paid by the Company. In this filing, the Company proposed a 5-
year average normalization adjustment for injuries and damages.

Amount
Included in
Incident | Amount Paid Test Year
Number | By Company Cost of Explanation
Service

1 $0 $0 | Bay State Gas Company was not a party in
this proceeding

2 $0 $0 | Bay State Gas Company was not a party in
this proceeding

3 $0 $0 | Bay State Gas Company was not a party in
this proceeding

4 $0 $0 | Bay State Gas Company was not a party in
this proceeding

5 $0 $0 | Bay State Gas Company was not a party in
this proceeding

6 $0 $0 | Settlement paid by co-defendant

7 $17,500 $3,500 | Amount paid in 2004, in test year

8 $0 $0 | Settlement paid by co-defendant

9 $9,000 $1,800 | Amount paid in 2004, in test year

10 $50,000 $10,000 | Amount paid in 2003, not in test year

11 $1,000,000 $200,000 | Amount paid in 2003, not in test year

12 $0 $0 | Settlement paid by co-defendant

13 $0 $0 | Bay State Gas Company was not a party in
this proceeding

14 $0 $0 | Bay State Gas Company was not a party in
this proceeding

15 $13,255 $0 | Workers compensation self-insurance was




D.T.E. 05-27

RR-AG-025
Page 2 of 2
Amount
Included in
Incident | Amount Paid Test Year
Number | By Company Cost of Explanation
Service
eliminated in this case due to full insurance
coverage.
16 $0 $0 | Still in process
17 $4,000 $0 | Amount paid in 2005, not in test year




COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF TELECOMMUNICATIONS AND ENERGY

RESPONSE OF BAY STATE GAS COMPANY TO
RECORD REQUESTS FROM THE ATTORNEY GENERAL
D.T.E. 05-27

Date: July 20, 2005

Responsible: Stephen H. Bryant

RR-AG-37:  Provide copies of the Department’s letter dated October 20, 1999 and the
Company’s response letter dated April 14, 2000, that are referenced in
the attachment to DTE-05-30.

Response:  Attachment RR-AG-37 (a) is a copy of the requested letter dated October
20, 1999.

Attachment RR-AG-37 (b) is a copy of the requested letter dated April 24,
2000. The Company was unable to locate the attachments that are

referenced in this letter.



Bay State Gas Company

THE COMMONWEALTH OF MASSACHUSETTS D.TE 0527
OFFICE OF CONSUMER AFFAIRS AND BUSINESS REGULATIYREnment R%ﬁgi‘ﬂ”ogag
DEPARTMENT OF

TELECOMMUNICATIONS & ENERGY

ONE SOUTH STATION

ARGEO PAUL CELLUCCE BosToN, MA 02110 JANET GAIL BESSER
GOVERNOR (617 3 3500 CHAIR
05- L
JANE SWIFT ) JAMES CONNELLY, ESQ.
LIEUTENANT GOVERNOR COMMISSIONER
DANIEL A. GRABAUSKAS W. ROBERT KEATING
DIRECTOR OF CONSUMER AFFAIRS COMMISSIONER

AND BUSINESS REGULATION

EUGENE J. SULLIVAN, JR.
October 20, 1999 COMMISSIONER

PAUL, B. VASINGTON
Mr. Richard P. Cencim COMMISSIONER

Vice President, Regulatory Affairs
Bay State Gas Company

300 Friberg Parkway
Westborough, MA 01581-5039

RE: Bay State Gas Company’s Service Business

Dear Mr. Cencim:

This letter responds to Bay State Gas Company’s (“Bay State” or “Company”)
proposal to the Department of Telecommunications and Energy (“Department”) to refain its
service business integrated within its corporate structure and utility distribution operations.
Bay State identifies its service business to include furnace repairs, water heater repairs, water
heater and conversion burner rentals, furnace inspections, and furnace installations (Cencini
letter dated June 22, 1999). In the past, either Bay State or its affiliate, Energy USA,
provided these services (id.). Bay State proposes to continue offering these services to its
customers through its regulated utility business arguing that such provision allows Bay State to
reduce distribution rates, avoid customer confusion, and better manage personnel workload

(id.).

The Department is committed to bringing the benefits of competition to all utility
customers. Electric Industry Restructuring, D.P.U. 96-100 (1996); Standards of Conduct,
D.T.E. 96-44 (1996): Revised Standards of Conduct, D.T.E. 97-96 (1997); NOI - Natural Gas
Unbundling, D.T.E. 98-32 (1998); Department of Telecommunications and Energy, 1998
Annual Report 2-3 (1999). As the Department has stated on numerous occasions, competition
can be the best consumer protection and will lead to new and more efficient services and lower
prices for unbundled services due to the advances and changes in the underlying economics
and technologies of the utility industries. See, e.g., Department of Telecommunications and
Energy, 1998 Annual Report 2-3 (1999); NOI - Natural Gas Unbundiing, D.T.E. 98-32-B
at 4-7 (1999). Bay State has acknowledged that “customers will benefit from competition.”
Status Report On The Massachusetts Gas Unbundling Collaborative, Att. E at 1 (March 18,
1998).

FAX: (617) 345-9101 TTY: (B00) 323-3298
www.magnet.state.ma.us/dpu

LK)



Bay State Gas Company
D.T.E. 05-27
Attachment RR-AG-37 (a)

Mr. Richard P. Cencini Page 2o 0e 2
October 20, 1999

As the Department has stated in the past, for the full benefits of competition to accrue
to consumers, the prerequisites of a true competitive market must be in place, including
(1) many buyers and sellers with effective access to each other, (2) arm’s length transactions
between buyers and sellers, (3) broad and equal access to timely information, and (4) low
thresholds for entry. Standards of Conduct, D.P.U. 96-44, at 2, Order Commencing
Rulemaking (August 16, 1996). Most important, it is critical that no market participant, or
group of participants, is in a position to exert unfair or abusive power in a new competitive
industry structure. Id.

The Department recognizes that a natural gas local distribution company is in a position
and has an incentive to exert undue preference and favorable treatment when providing
services other than gas transportation and believes that this can be a serious threat to the
development of a competitive marketplace. Corporate separation of these services provides an
effective solution to the problem of anti-competitive transactions and requires less regulatory
supervision than if the services remain integrated. See, Standards of Conduct, D.P.1i. 96-44,
Order Commencing Rulemaking, at 5 (August 16, 1996). '

Bay State’s proposal to remain, or to retura to being, an integrated utility with respect
to its service business is inconsistent with the Department’s stated goals. As an integrated
utility supplying both monopoly and competitive services, it also gives Bay State an
opportunity and, perhaps, incentive and ability to discriminate in the provision of monopoly
services in favor of its own competitive services. Separation of Bay State’s service business
from its regulated distribution services will reduce the possibility that regulated monopoly
service might subsidize or unfairly discriminate in favor of the unregulated services.
Separation will reduce the potential for inappropriate competitive advantage that Bay State
might have by leveraging its monopoly services to its advantage in the otherwise competitive
service business.

The Department has no reason to conclude that Bay State’s service business is or
should be exempt from the Department’s regulatory policies on the relationship of a utility’s
monopoly and competitive services. See, e.g., Revised Standards of Conduct, D.T.E. 97-96,
at 11-12 (1997); Standards of Conduct, D.T.E. 96-44, at 1, 6-7 (1996). We are not convinced
that Bay State’s claimed benefits to its distribution customers outweigh the potential harm from
unintended subsidization of, or undue preference given to, the utility's competitive services.

For the reasons stated in this letter, the Department does not approve Bay State’s
proposal to retain its service business integrated within its corporate structure and utility
distribution operations. The Department directs Bay State either to establish it service
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. October 20, 1999

business as a separate unit within the Company, or to establish its service business outside its
corporate structure as a separate legal entity. Under either option, Bay State and its service
business are, and shall be, subject to the Department’s Standards of Conduct, 220 C.M.R.
12.00 et seq.

By Order Of The Department

%LJW&AA—\

et t Gail Besser, Chair

9,

més Connelly, Comniissioner

///fzé/

W. Robert Keating, Commi

1 1fe

Paul B. Vasington, Co ioner
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Eugen@ U Sullivan, Jr., Comrms ione
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COUNSELLORS AT LAW
50 ROWES WHARE » BOsTON, MASSACHUSETTS O210-3312
TELEPHONE: (617)330-7000 ¢ FACSIMILE: (817) 4399566 + EMAIL: FIRM@RUBINRUDMAN.COM

John A. DeTore

Direct Dial: (617) 330-7144
E-mall: detore@rubinrudman.com

April 14, 2000

Chairman James Connelly

Commissioner Paul Vasington

Commissioner Robert Keating

Commissioner Eugene Sullivan

Department of Telecommunications and Energy
One South Station, 2™ floor

Boston, Massachusetts 02110

Re: Bay State Gas Company’s Service Business

Dear Commissioners:

On behalf of Bay State Gas Company (“Bay State” or the “Company”), I am writing in
response to the Department of Telecommunications and Energy’s (“Department” or “DT )
October 20, 1999 letter to Bay State concerning future treatment of Bay State’s service business.

It is our understanding that the Department’s October 20, 1999 letter voiced two major
areas of concem regarding Bay State’s existing service business model. First, the Department
sought to ensure that costs and revenues associated with service business activities are properly
accounted for to be certain that Bay State’s provision of these services is not subsidized by its
distribution ratepayers. Second, the Department expressed some concem regarding competitive
implications of Bay State providing certain services, and, more specifically, whether Bay State
actively provides access to its customers to non-affiliated contractors to perform these services.

In response to the Department’s letter, Bay State has undertaken a comprehensive
evaluation of its service business activities. Based on this evaluation, Bay State is prepared to
enhance service business practices and procedures that are already in place to ensure that Bay
State’s participation strengthens competition and customer benefits. The remaining sections of

this letter outline Bay State’s proposal and describe how the proposal meets each of the
Department’s objectives,

L SUMMARY OF PROPOSAL

Bay State recognizes that Department policy only requires that above the line activities
such as the service business are profitable on an incremental basis. However, to allay all
concerns about potential cross-subsidization, Bay State will track service business profitability
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on the more stringent fully allocated basis. The procedures that Bay State has established to
track fully allocated costs and revenues associated with the service business are described in
greater detail below. In addition, Bay State is providing in this letter a detailed description of
Bay State’s current and enhanced contractor participation programs that address concerns about

potential undue competitive advantage that Bay State may enjoy in terms of access to service
business customers.

IL OVERVIEW OF BAY STATE’S SERVICE BUSINESS

As the Department is aware, Bay State must be prepared as part of its obligation to
provide safe and reliable service to its distribution customers, to maintain an infrastructure and
trained personnel that are capable of responding to emergency customer calls, including odor and
leak response services. In addition, Bay State currently offers the following services to
customers on a fully integrated basis with utility operations: heating equipment repairs, water
heater repairs, water heater and conversion burner rentals, heating equipment inspections, and
heating equipment installations. Although gas distribution is a monopoly function, Bay State
competes with oil and propane dealers plus regulated electric distribution utilities in the highly
competitive “space heating” and “water heating” markets. The markets within which Bay State
offers these services are highly competitive. Further, Bay State’s overall role and market share
in this service business area are vastly different from its role as provider of distribution service.
For example, Bay State’s share of heating system installation jobs along its distribution system is

only 3% of the total market for this activity thus it cannot be presumed that Bay State exerts
market power in these activities.

Bay State views its ability to continue to offer these services as critical to several key
objectives. First, continued operation of service business activities allows Bay State to maximize
efficient use of existing resources, including union employees performing these services. As
noted above, Bay State must keep in place the necessary personnel and infrastructure (0 provide
safe and reliable service. Similarly, Bay State must maintain the appropriate levels of available
resources to respond to emergency situations. Personnel performing service business activities
undergo cross-training in all aspects of safety and code related functions. As a result, service
technicians are capable of conducting visual safety checks and detecting gas odors or other
potential safety problems during the normal course of business. By maintaining service business

technicians within Bay State, these resources remain available to provide reliability and safety-
related services, for the benefit of ratepayers.

Second, Bay State uses these services as part of its overall efforts to attract new
customers and to increase load from its existing customers. Increased load growth allows Bay
State, in turn, to serve its existing customer base more efficiently and cost-effectively. Bay
State’s long-term growth strategy is designed in part to allow the Company to minimize the need
for frequent rate increases in the future, thus benefiting existing ratepayers. Further, Bay State
views its ability to offer these services as essential to the Company’s ability to compete
effectively with full service oil dealers, Bay State’s primary competitors in the residential space

4087282
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heating market. The ability to compete with unregulated oil dealers is significant not only with
respect to Bay State’s customer growth objectives, but also to meeting a third key objective,
satisfying Bay State’s existing customer base. Both market research efforts and experience with
customers have demonstrated to Bay State that many customers want and expect to be able to
obtain rental or repair services from Bay State. Accordingly, Bay State considers its continued
ability to provide these types of services to existing and prospective customers as critical to
maintaining a high level of customer satisfaction. '

Given the Company’s growth strategy, Bay State looks to independent contractors as
trade allies who can assist the Company in its efforts to attract new load and to increase load
from existing customers. Consequently, as discussed in greater detail in Section IV, infra, Bay
State makes significant efforts to solicit participation by qualified contractors in its contractor
referral program and provides incentives to participants in the program to help meet company
growth objectives. It also bears noting that Bay State’s experience has been that customer
demand for certain of the activities it provides to customers, such as conversion bumer rentals,
simply would not be met.f left exclusively to the independent contractors.

Bay State recognizes that specific business objectives as well as the strategies
implemented to meet those goals will invariably differ from utility to utility and that some
individual flexibility in approach regarding service business activities is warranted. However,
Bay State believes that the particular approach outlined here is appropriate given the specific

circumstances of Bay State’s stated business objectives, existing operating structure and the
demonstrated benefits to customers.

II. PREVENTION OF CROSS-SUBSIDIZATION

A Introduction

The types of services offered under the umbrella of the “service business” are core to the
provision of natural gas distribution service; however, neither the services offered nor the prices
and terms under which Bay State competes in this market are regulated by the Department.

Historically, under traditional cost-of-service ratemaking, DTE precedent called for the
careful examination of non-utility business activities, such as appliance rentals, whether treated
above-the-line or below-the-line for ratemaking purposes. Where the non-utility service is
above-the-line for ratemaking purposes (i.e., costs and revenues are included in the utility’s
overall revenue requirement), the DTE has utilized an incremental cost approach, to ensure that:
(1) ratepayers do not subsidize these separate business activities, and (2) ratepayers share in any
benefits attributable to such activitics. Because Bay State included these types of services
“above-the-line”"! for ratemaking purposes, the Department has previously required a comparison

! Service business activities have been treated above-the-line with one exception: sales and installations are

below-the-line for ratemaking purposes. Therefore, costs and revenues historically have been removed from Bay
State's cost of service.

408728_2
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of incremental revenues and costs attributable to the specific activity, to ensure that ratepayers do

not subsidize such activities. See, e.g., Bay State Gas Company, D.P.U. 89-81 (1989); Bay State
Gas Company, D.P.U. 92-111 (1992). In D.P.U. 89-81, the Department found:

the proper accounting treatment for an above-the-line activity is an incremental
approach. With an incremental approach, the ratepayers experience the benefit of
any incremental profitability of a program. If, using an incremental approach, an
above-the-line activity did not produce profits, the Department could take steps
necessary to ensure that ratepayers are protected.

D.P.U. 89-81, at 73, citing Commonwealth Gas Company, D.P.U. 87-122 at 21 (1987).

In general, DTE precedent favors allocation of costs between utility and non-utility uses
based on the same method of allocation. Further, the DTE will look to ensure that corresponding
adjustments (e.g., depreciation reserve associated with plant allocated to the non-utility business)

are also made. Finally, where possible, the DTE expects that costs attributable to activities like
these will be directly assigned.

Bay State is ready to utilize the following steps to track service business costs and
revenues on a fully allocated basis. By tracking service business costs on a fully allocated basis
rather than following the Department’s incremental cost precedent, Bay State will be meeting a
more rigorous standard, thereby ensuring beyond any reasonable doubt that the regulated
monopoly services are not subsidizing Bay State’s competitive service activities.

B. Cost Allocation Methodology

Bay State proposes to track the costs associated with the service business activities in the
following manner:

¢ Direct Costs will include direct labor, parts & materials, rental water heater lease expense
and rental water heater and conversion burners depreciation expense. These costs are
charged directly to the service activities as incurred.

e Direct Fringes will include company benefits, payroll taxes and liability insurance related to
direct labor. The costs are allocated by multiplying direct labor by the percentage of total
company fringes to total company payroll (the “fringe benefit rate™).

« Overhead will include the following costs which are directly charged or allocated between
the total service activities and other utility activities on the bases set forth in the chart below.

The costs for total service activities are subsequently allocated among the individual service
activities on the basis of direct labor.

408728_2
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Overhead Calculations
Cost Item Direct Charge/Allocation Basis
Indirect Payroll
Supervision Allccation- estimated time spent
Vacation, holiday, sickness, training, etc Allacation-Direct labor
Dispatch Allocation-Estimated time spent and no. of
customers by state
Workforce Planning Allocation-Estimated time spent
Sales Allocation-Estimated time spent
Custorer Call Center Allocation-Type of customer call received and
: no. of customers by state
Administrative Allocation-Estimated time spent
Indirect Fringes Allocation-Indirect Payroll multiplied by fringe
benefit rate
Tools & Equipment Direct Charge-tools used
Uniform Rental Direct Charge-uniforms used
Advertising Direct Charge-specific programs i
Bad Debts Direct Charge-accounts uncollectible
Office Expense Direct Charge-itemns purchased
Fleet Expense Allocation-No. of vehicles and payroli dollars
Stores Expense Allocation-Cost of materials withdrawn from
M&S inventory
Facility Space Allocation-Proportion of facility space used

IV. COMPETITIVE ISSUES

As previously noted, the Department’s October 20, 1999 letter raised a concern that Bay
State’s participation in the service business could threaten development of a competitive
marketplace, to the extent that favorable treatment could be utilized to advantage Bay State’s
service business. Letter at 2. Accordingly, the Department directed Bay State to take steps to
ensure that the Department’s stated concerns were met. Id.. Bay State believes the proposed
cost allocation tracking system described above will allow the Department to ensure that Bay
State’s service business activities are not subsidized by ratepayers and compete fairly with
independent contractors in this regard. Moreover, as described below, Bay State already has
implemented a robust contractor referral program to ensure that customers are aware of their
options. In addition to providing leads to Bay State participating contractors, Bay State provides
these contractors with rebates for eligible installation work and offers additional incentives
and/or customers rebates through their participation in the program.

A. Overview of BSG Contractor Referral Efforts

A thorough review of Bay State’s efforts to date to solicit independent contractors for its
referral program demonstrates Bay State’s commitment to benefiting customers through
competition by treating contractors as allies or partners. Specifically, Bay State has undertaken

408728 2
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significant efforts to conduct outreach to independent contractors and to provide referrals to Bay
State customers in need of particular services, and will continue to do so. The process outlined
below was used to develop the 1999 contractor referral list; the process is similar from year to
year and was used to develop the list for this year also.

1. Identification and Outreach Efforts directed at Independent Contractors

In August 1998, Bay State undertook a comprehensive effort to identify all potential
contractors for its contractor referral list. For each of its operating divisions, Bay State reviewed
and updated lists of plumbing and heating contractors operating in the service area. Sources for
this information include prior Bay State outreach efforts, requests made by individual contractors
to be added to Bay State’s referral program, and state licensing board directory information. The
information obtained resulted in a combined list of 585 Massachusetts HVAC contractors. In
September 1998, Bay State sent an invitational mailing to all 585 identified contractors
(“September 1998 Mailing”). As described in that document, Bay State offered the opportunity
to all recipients to have their company names included in Bay State’s Participating Contractor
referral lists, which are provided to customers seeking referrals. A sample copy is included as
Attachment A. The September 1998 Mailing invited all prospective 585 participants to attend
dinner meetings, which were held in each of Bay State’s operating divisions between November
2-5,1998. As a result of elimination of duplicate names or businesses for whom mail was
returned as undeliverable, the total list of prospective participants was subsequently reduced to
526, At each of those dinner meetings, Bay State provided to attendees an information packet
explaining the calendar year 1999 program. Each packet included a program outline brochure, a
copy of the presentation delivered by the Regional Sales leader, a blank participating contractor
agreement,” and a service territory check sheet for the appropriate division. A copy of the
information packet is included as Attachment B. The information provided at the dinner
meetings also described all applicable bonus/incentive programs for which contractors could
qualify. Bay State established a December 18, 1998 deadline for responses to the solicitation,
However, this deadline was extended for various contractors who expressed interest, but had
failed to complete the necessary documents. In addition, Bay State personnel conducted
substantial follow up telephone calls to remind prospective participants to provide necessary
information that had not been received. The end result of this comprehensive effort to identify
all prospective independent contractors and conduct outreach efforts resulted in a total of 111
contractors completing the necessary information to qualify for the referral program. In
February 1999, lists of referral contractors were printed and distributed to each of Bay State’s
operating divisions. Copies of the 1999 contractor referral lists are included as Attachment C.

In September 1999, Bay State again contacted participating contractors to update types of
activities performed. Afler receipt of these responses, and review of the referral list by Bay
State’s sales, service, business improvement and call center areas to remove any contractors who

2 The participant agreement form requests general information regarding types of services provided and

geographic area covered, as well as information necessary to allow Bay State to ensure that the contractor is
appropriately licensed and insured.

408728 _2
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had failed to provide service when called upon or whose work proved to be of poor quality, the
contractor referral list was updated. Updated lists for each service territory area were then
prepared and delivered to each of Bay State’s operating divisions.

2. Use of the Contractor Referral List

Bay State’s Contractor Referral list is distributed in three primary ways: (1) Bay State’s
sales department provides the list to prospective conversion customers, unless the customer has
already retained a contractor or is seeking instailation of a conversion burner’. Similarly, Bay
State’s call center representatives are instructed to offer to customers the list of contractors who
will install heating equipment; (2) The list is provided to customers when a Bay State employee
“red tags™ (i.c., finds a safety condition requiring immediate repair or replacement) an appliance
at a particular location; (3) in addition, a separate referral list is used for service calls during peak
periods for customer convenience and choice. When customers call for service during off-peak
periods they will be informed that independent contractors also provide the same service, and
that if the customer wants more information we can provide the names of these independent
contractors to the customers over the phone. In addition to these general methods of distribution,
any time a customer seeks information on contractor referrals from Bay State, the Company
provides a copy of the referral list. The company will continually focus on communicating to
customers that, along with having Bay State as a choice for their service provider, there are
independent contractors available to provide this service. For example, Bay State is
investigating the feasibility of posting the list on its web sites. Another possibility is to include
information on contractors as an option on future automated services. Although Bay State
utilizes the contractor referral process to the degree possible, in certain circumstances, e.g.,
emergency gas leak calls, the particular service must be performed by Bay State personnel.

V. CONCILUSION

As previously noted, Bay State believes that the measures outlined in this letter are
responsive to the concerns voiced by the Department in its October 20, 1999 letter. In sum, Bay
State submits that it has demonstrated that its distribution and service customers will share in the
benefits derived from providing these services, including increased load growth and efficient use
of existing resources. Moreover, market research shows that Bay State’s customers want and
expect the continued provision of these services through Bay State. At the same time, Bay State
has developed measures that will fully insulate its ratepayers from all risks associated with the

service business. Accordingly, Bay State believes its proposal is in the best interests of
ratepayers.

Finally, we note that Bay State has attempted herein to address the Commission and DTE
staff’s concerns in full. Should any additional questions remain unanswered, or should the
Commission or DTE staff require additional information concerning any of these activities, Bay

3 As a general rule, certain types of services, such as conversion burner and water heater rentals are not
commonly available from independent contractors,

408728 2
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State would be happy to respond to such requests. We look forward to hearing from you
regarding this proposal.

Sincerely,
¥ A. DeTore
JAD/df
cc: Paul Afonso, Esq.
Jeffrey Yundt
Richard Cencini
George Yankos
Rebecca Hanson
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COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF TELECOMMUNICATIONS AND ENERGY

RESPONSE OF BAY STATE GAS COMPANY TO
RECORD REQUESTS FROM THE ATTORNEY GENERAL
D.T.E. 05-27
Date: July 20, 2005

Responsible: John Skirtich, Consultant (Revenue Requirements)

RR-AG-47: Has the Company filed any lawsuits or joined in any lawsuits against
insurance brokers regarding their brokerage services. If any lawsuits
have been filed, has the company received any benefits from the lawsuits

Response: NiSource has not filed or joined in any lawsuits against any of its brokers.



COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF TELECOMMUNICATIONS AND ENERGY

RESPONSE OF BAY STATE GAS COMPANY TO
RECORD REQUESTS FROM THE ATTORNEY GENERAL
D.T.E. 05-27

Date: July 20, 2005

Responsible: John E. Skirtich, Consultant (Revenue Requriements)

RR-AG-48:

Response:

Identify if TriNet Corporate Realty Trust, Inc. was an affiliate of NiSource
at any time from June 1, 1997 to the present.

To the best of our knowledge, the only relationship with TriNet Corporate
Realty Trust, Inc. and NiSource was by means of the sale lease back
arrangement made prior to the merger of NIPSCO with BSG. Our
records depicting a chronological time line since 1853 of all companies
and organizations that eventually make-up the NiSource profile as we
know it today do not indicate that TriNet Corporate Realty Trust, Inc. was
a subsidiary, predecessor or had any other affiliate relationship with
NiSource. We believe the "Whiting" name in Whiting Clean Energy and
Whiting Electric Company (organized in 1896) are both more indicative of
a geographic location, Whiting, Indiana, rather than Mr. Mark Whiting as
shown on the sale lease-back contract for the Westborough facility.



COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF TELECOMMUNICATIONS AND ENERGY

RESPONSE OF BAY STATE GAS COMPANY TO
RECORD REQUESTS FROM THE ATTORNEY GENERAL
D.T.E. 05-27
Date: July 20, 2005

Responsible: Stephen H. Bryant, President

RR-AG-54:  Provide a copy of the letter sent by Bay State to the DTE Consumer
Division, indicating the closing of Bay State’s walk-in centers.

Response: A copy of the above referenced letter from Bay State to the DTE
Consumer Division was provided in USWA 2-2, as Attachment
USWA 2-2 (b).



COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF TELECOMMUNICATIONS AND ENERGY

RESPONSE OF BAY STATE GAS COMPANY TO
RECORD REQUESTS FROM THE D.T.E.
D.T.E. 05-27
Date: July 20, 2005

Responsible: John Skirtich, Consultant (Revenue Requirements)

RR-DTE-24: Is there a manual to describe the process related to DTE 9-217 If so,
provide.

Response: Below is a list of the definitions of the acronyms used in Attachment DTE-
9-21.

SONP - Shut Off Non Payment
CSR — Customer Service Representative
NSF — No Sufficient Funds

Please refer to the Company’s response to AG-22-13 for more details
concerning the process.



COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF TELECOMMUNICATIONS AND ENERGY

RESPONSE OF BAY STATE GAS COMPANY TO
RECORD REQUESTS FROM THE D.T.E.
D.T.E. 05-27

Date: July 20, 2005

Responsible: John Skirtich, Consultant (Revenue Requirements)

RR-DTE-38: Reconcile calculated bad debt in Mr. Skirtich’s schedules to the bad debt
number on p. 9 of 2004 Annual Return, line 40. Provide similar
information for 2003.

Response:  Attachment RR-DTE-38 details by account the activity in the Reserve for
Uncollectible Accounts (260) as shown in the Annual Return, Line 40 from
2004 and 2003. Notes are provided referencing amounts included in the
Company’s cost of service filing. During the review, it was discovered,
that the 2004 charge-offs included a reclass of $38,131 (see note a of the
Attachment RR-DTE-38 for 2004). The Company will make the
appropriate correction to the filing.



Account
No.

260-01

260-02
260-05
260-09
260-11
260-20
260-21
260-22

Description

Reserve-Gas Uncoll Acct

Adjust expense to be non-gas cost portion
Charge expense based on recoveries - CGA
Reserve-Merch Uncoll Acct
Reserve-Sundry Uncoll Acct
Reserve-Water Heater Uncoll Acct
Reserve-Guardian Care Uncoll Acct
Reserve Unbilled

Reserve Special

Reserve Special F

Total

(a) See Exh. BSG/JES-1, Workpaper JES-6, Page 21, Line 44.
(b) See Data Request DTE-9-1.

(c) See Exh. BSG/JES-1, Workpaper JES-6, Page 22, Line 42.
(d) See Exh. BSG/JES-1, Schedule JES-6, Page 10, Line 10

Account
No.

260-01

260-02
260-03
260-05
260-09
260-11
260-20
260-21
260-22

Description

Reserve-Gas Uncoll Acct

Adjust Acct 5182-19 fron 56% to 65%
Special large customer charge-offs handled outside normal channels
Adjust expense to be non-gas cost portion
Charge expense based on recoveries - CGA
Reserve-Merch Uncoll Acct
Reserve-Propane Uncoll Acct
Reserve-Sundry Uncoll Acct

Reserve-Water Heater Uncoll Acct
Reserve-Guardian Care Uncoll Acct
Reserve Unbilled

Reserve Special

Reserve Special F

Total

(a) See Exh. BSG/JES-1, Workpaper JES-6, Page 21, Line 31.
(b) See Exh. BSG/JES-1, Workpaper JES-6, Page 22, Line 28.

Bay State Gas Company

Reserve for Uncollectible Accounts (260)

D.T.E. 05-27

Attachment RR-DTE-38

Reclass Bad Debt  Below the
Total Bad Debt Tax Refund Reclass Gas Cost Line
2003 Write-offs Accrual Adjustment Unbilled Acct 182-19 Acct 415-16 2004
$ $ $ $ $ $ $ $
2,195,000 (9,038,394) (a) 9,549,524 (b) (38,131) (a) (223,000) 0 0 2,445,000
0 0 (6,595,000) 0 0 6,595,000 0 0
0 0 5,290,135 0 0 (5,290,135) 0 0
81,000 (17,905) 0 0 0 0 (44,095) 19,000
350,000 (117,092) (c) 61,092 (d) 0 0 0 0 294,000
1,018,000 (451,029) (c) 326,029 (d) 0 0 0 0 893,000
162,000 (41,645) (c) 25,645 (d) 0 0 0 0 146,000
680,000 0 0 0 223,000 0 0 903,000
0 0 12,300 0 0 0 0 12,300
1,925,000 0 232,869 38,131 0 604,000 0 2,800,000
6,411,000 (9,666,065) 8,902,595 0 0 1,908,865 (44,095) 7,512,300
Bad Debt  Below the
Total Bad Debt Reclass Gas Cost Line
2002 Write-offs Accrual Reclass Unbilled  Acct 182-19 Acct 415-16 2003
$ $ $ $ $ $ $ $

3,183,000 (8,727,904) (a) 8,420,000 0 (680,000) 0 0 2,195,096
(238,850) 238,850 0
(1,208,383) (a) 407,225 424 800,638 (96)
(5,582,000) 5,582,000 0
5,303,552 (5,303,552) 0
2,946 (51,295) 0 0 0 0 129,349 81,000
603 0 (603) 0 0 0 0)
27,254 (378,674) (b) 701,844 (424) 0 0 0 350,000
41,325 (329,972) (b) 1,306,044 603 0 0 0 1,018,000
17,462 (46,106) (b) 190,644 0 0 0 0 162,000
0 0 0 0 680,000 0 0 680,000
136,000 0 (136,000) 0 0 0 0 0
0 0 674,000 0 0 1,251,000 0 1,925,000
3,408,590 (10,742,334) 11,046,459 0 0 2,568,936 129,349 6,411,000



COMMONWEALTH OF MASSACHUSETTS

DEPARTMENT OF TELECOMMUNICATIONS AND ENERGY

RESPONSE OF BAY STATE GAS COMPANY TO
RECORD REQUESTS FROM THE D.T.E.
D.T.E. 05-27

Date: July 20, 2005

Responsible: John Skirtich, Consultant (Revenue Requirements)

RR-DTE-44:

Response:

D.T.E. 16-34, p. 1 of 4, item #4, breakdown of Acct. 257-03. Res. Amort.
Org.

Based on the Commission Order issued October 30, 1992 in Case No.
D.P.U. 92-111, the Department noted that it had previously approved
inclusion in rate base of the organization costs related to the mergers of
Lawrence Gas Company, Brockton-Taunton Gas Company and Bay
State Gas Company, the predecessor companies that now comprise Bay
State’s retail Massachusetts operations. Please see Page 68 of the
Order.

Following this Order and the adjustments made in the 1992 case, the
Company eliminated the same $3,743,730 (as shown in D.P.U. 92-111,
Workpaper BSG-3-5 and provided in D.T.E-16-34) from rate base and
made a corresponding adjustment of $2,936,755 to reserve for
amortization related to the $3,743,730.

The remaining $152,920 in Account 257-03 reflects reserve associated
with organization costs of $195,536 included in Account 303 and included
in rate base interpreted as being approved by the Commission in previous
proceedings.



COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF TELECOMMUNICATIONS AND ENERGY

RESPONSE OF BAY STATE GAS COMPANY TO
RECORD REQUESTS FROM THE D.T.E.
D.T.E. 05-27

Date: July 20, 2005

Responsible: Stephen H. Bryant

RR-DTE-46: Confirm the purpose of Form UCC-3 as referenced in the Company’s
response to Information Request DTE-01-20 at Attachment DTE-01-20
(a), page 13.

Response:  The UCC-3 as referenced at page 13 of Attachment DTE-01-20 (a) was
intended to more accurately describe the meter reading equipment that
would be covered under the lease. The original UCC-1 described the
equipment as 157,585 Itron residential monitoring devices. The UCC-3
more accurately describes the assets as 147,015 Itron residential
monitoring devices and 10,570 commercial devices.



COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF TELECOMMUNICATIONS AND ENERGY

RESPONSE OF BAY STATE GAS COMPANY TO
RECORD REQUESTS FROM THE D.T.E.
D.T.E. 05-27

Date: July 20, 2005

Responsible: Stephen H. Bryant

RR-DTE-47: Confirm the purpose of Pages 15 through 18 in the Company’s response
to Information Request DTE-01-20, Attachment A.

Response:  The purpose of the above-referenced pages (various certificates of
insurance) is to demonstrate to the bank/lessor that the Company has
satisfied its contractual commitment to maintain certain types and levels
of insurance during the lease term.



COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF TELECOMMUNICATIONS AND ENERGY

RESPONSE OF BAY STATE GAS COMPANY TO
RECORD REQUESTS FROM THE D.T.E.
D.T.E. 05-27

Date: July 20, 2005

Responsible: Lawrence R. Kaufmann, Consultant (PBR)

RR-DTE-59: Provide an update to DTE-4-10 that includes an earthquake dummy
variable.

Response: See Attachment RR-DTE-59 for a copy of the updated model. The
earthquake dummy is statistically significant in this specification. In the
July 8, 2005 supplemented response to DTE-4-10, Bay State’s actual
costs are now 1.4% above their predicted value, and the difference is not
statistically significant.



% run C:\Work\BayState\Specification\totalcost;
Bay State Gas Company
ok kR A KT T AR R h TR F R AR IR IR AR TR AR R AR TR IR ARk dok &k ok ok ok ok &k ok kok & % % % ok % % % % DxTwb §5-27

GAUSS Data Export Facility MMdmmmﬁsgzifg
***‘k’****************‘*‘*"k**‘k****'k'k**‘******************‘k********************g**

Begin export...
Export completed

Number of cases in GAUSS data set: 453.000
Number of cases written to foreign file : 453.000
Number of variables written to foreign file : 31.000

ko k kR R R A IR R AT I A A S A I AR AR AKRAFNAARATARARA AT AR AT IR IR AR T A AR R AR IR AR ATk kb dhhk®

Date: 7/18/05 FEk% SUR ESTIMATION REBSULTS ¥k ok ok Time: 14:18:44
OUTPUT FILE:C:\work\Baystate\results\dr 10a

DATA PFILE:C:\work\Baystate\bench023drll.xls

AR AR kR A H IR R AR R R IR ANA AN A A A ER IR F R AT RN AL NI AF AT ERFA R AR R R IR I IR A A AT AR R T d R

DEFINITIONS OF QUTPUT VARIARBRLES:
Y1l is number of customers.

Y2 is Total deliveries.

DEFINITIONS CF BUSINESS CONDITICN VARIABLES:
7). ig % of non-izon and steel in Dx miles
72 is Number of Electric Customers

73 is northeast dummy variable

24 is Miles of Distribution Main

75 is Pbr dummy variable for Bay State Gas
Z6 is Earthguake Dummy Variable

Model includes time trend.

Time period used: 1894 through 2003

k = naddlo

*******************************‘k***‘****************************‘k****k*****k‘k*

GAUSS Data Import Facility
****'k*****************'k***'k************************************************

Begin import...
Import completed

Number of rows in input file: 473
Number of cages written to GAUSS data setb: 473
Number of variables written to GAUSS data set: 60
1
453
SQEEMINGLY UNRELATED REGRESSION WITH HETEROSKEDASTICITY 7/18/2005 2:18 pm

Data Set: C:\work\Baystate\Temp 3.dat Page 1 of




Bay State Gas Company
D.T.E. 05-27
DIVISOR USING N IN EFFECT Attachment RR-DTE-59
RESTRICTIONS IN EFFECT Page 2 0f 5
ITER. # = 0 LOG OF DETERMINANT COF SIGMA = 5.32075105
ITER. # = 1 LOG OF DETERMINANT OF SIGMA = 5.24991738
ITER. # = 2 LOG OF DETERMINANT OF SIGMA = 5.246888936
ITER. # = 3 LOG OF DETERMINANT OF SIGMA = 5.24659728
ITER. # = 4 LOG OF DETERMINANT OF SIGMA = 5.24656359
ITER. # = 5 LOG OF DETERMINANT OF SIGMA = 5.24655980
ITER. # = <) LOG OF DETERMINANT OF SIGMA = 5.246553938
ITER. # = 7 LOG OF DETERMINANT QOF SIGMA = 5.24655333
ITER. # = 8 LOG OF DETERMINANT OF SIGMA = 5.24655932
ITER. # = 9 LOG OF DETERMINANT OF SIGMA = 5.24655932
ITTER. # = 10 LOG OF DETERMINANT OF SIGMA = 5.24655832
Equation: 1
Dependent variable: C
Total cases: 453 Valid cases: 453
Total S$8S: 388.703 begrees of freedom: -
R-squared: 0.966 Rbhar-aguared: 0.965
Residual 88: 13.05¢6 std error of est: 2.268
Durbin-Watson: 0.268
Estimated Standard Prob
Variable Coefficient Error t-ratio >t
CONST 8.0880824¢%6 0.017166890 471,144 C.0000
WL 0.20501219 0.00284975 71.540 0.0000
WK 0.638B63075 0.00299650 213.126 0.0000
Yi 0.53553367 0.03910294 13.695 0.0000
Y2 0.24327566 0.03269202 7.441 0.0C000
WLWL 0.03922189 0.037030309 1.058 0.2900
WLWE -0.13223321 0.02507560 -5.273 0.0000C
WKWK 0.21157355 0.02214708 9.553 C.0000C
Y1Y1 -0.43356115 0.06221023 -6.369 0.0000
Y2Y2 -0.43520590 0.08609435 -5.055 C.0000
WLYL ~-0.019089593 0.00726164 -2.629 0.0089
WLY?Z2 -0.01324480 0.00722657 -1.833 0.0675
WEKY1 0.01267853 0.00515329 2.460 0.0143
WKYZ2 0.01384242 0.00601348 2.2689 D.0238
YiY2 0.41446033 £.070882%4 5.847 0.0000
Z1 0.02498041 0.04620705 0.541 0.5890
Z2 -0.00601630 0.00100602 -5.980 0.C0C0
Z3 0.09803833 0.00738140 13.282 0.0C00
74 0.09074231 0.03388723 2.677 0.0077
Z5 -0.00065876 0.00082948 -3.794 0.4275
Z6 0.02311896 0.00308579 7.492 0.0000
TREND -0.01598242 0.00201065 -9.938 0.0000
K -0.05083007 0.01100185 -4.626 0.0000
Equation: 2

Dependent variable:

Total cases: 453 valid cases: 453
Total 885: 2.71% Degrees of freedom: -
R-gguared: 0.090 Rbar-squared: 0.102
Residual 58: 2.473 std error of est: 2.524
Durbin-Watson: 0.368
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Estimated Standard Bay StafgtEI Company
Variable Coefficient Error t-ratio > | D|T.E. 05-27
e e e = — = Attachment RR-DTE-59
CONST 0.20501219 0.00284975 71.940 0.00h3e30f5
WL $5.0392318% 0.0370303%9 1.059 0.2900
WK -0,13223321 0.02507560 -5.273 0.0000
Y1 -0.01508953 0.00726164 -2.629 0.0089
Y2 -0.013244890 0.007226587 -1.833 0.0675
Eguation: 3
Dependent variable: SK
Total cases: 453 Valid cases: 453
Total 585: 3.369 Degrees cof freedom: ————
R-gguared: 0.183 Roar-squared: 0.193
Residual 885: 2.754 Std error of est: 3.385
Durbin-Watson: 0.280
Estimated Standard Prob
Variable Coefficient Error t-ratio >t
CoNgT 0.63883075 0.00299650 213.126 0.0000
WL -0.13223321 0.025075860 -5.273 0.0000
WK 0.21157355 0.02214708 9.553 0.0000
Y1 0.01267853 0.00515329 2.460 0.0143
Y2 0.01364242 0.00601348 2.269 0.0238
Equation: 4
Dependent variable: SM
Valid cases: 453
Degrees of freedom: e
Estimated Standard Prob
Variable Coefficient Error t-ratioc >t
CONST 0.1563570¢6 0.00269049 58.115 ¢.0000
WL 0.09300132 0.02339199 3.976 0.0001
WX -0.07934034 0.01743502 -4.551 G.0000
Yi 0.0064%1140 0.00650746 0.985 0.3257
Y2 -0.00038762 0.00684489 -0.058 0.9537
MEASURES OF GOODNESS~OF-FIT
AN UNCENTERED SYSTEM R-SQUARE 0.968
A CENTERED SYSTEM R-SQUARE 0.971

The results from the test of the null hypothesis that all slope
coefficients in all eguationg are simultaneocusly egual to zero.

Teat statistic

1603.514
Page 3 of 5




Bay State Gas Company
_________________________________________________________________ D.T.E. 05-27

VALIDATION OF REGULARITY CONDITIONS Am“hm”“ﬁzgﬁifg

Monotonicity of the Estimated Cost Function

The nuwmber of observations for which each of the following
predicted cogt share is nonpositive ig listed below

Labor Capital Materials
0 O 0]
(0.00 %) (C.00 %) {0.00 %)

Concavity of the Estimated Cost Function

The number of the observations for which the conditicn that the matrix of
second order partial derivatives of the cost function with respect to input
wages is negative semi-definite holds:

423 (93.38 %)

Quasi-Concavity of the Estimated Cost Function
""he number of obgservations for which the conditicon that the cost function is
strictly guasi-concave in input prices holds:
423 {893.38 %)
Second Order Condition for Cost Minimization
The number of the observations for which the condition that the bordered

Hessian is negative definite holds:
423 (92.38 %)

OUT-QOF-SAMPLE PREDICTION OF TOTAL COST LEVEL PERFORMANCE LAST 5 YEARS

Actual predicted Difference t_ratio p_value Utility
7.375 7.716 ~0.341 -11.917 0.00C0 30.000
7.810 8.141 ~0.330 -11.5386 0.000 38.000
8.231 8.4989 -0.268 -9.344 0.CCOo 15.000
6.765 7.028 -0.263 -9.185 0.000 53.000
7.566 7.771 -0.206 -7.181 0.000 44,000
8.538 8.694 -0.157 -5.473 0.000 12.000
8.844 8.58599 -0.155 -5.404 ¢.000 23.000
85.739 9.880 -0.141% -4.918 0.000 4C.000
7.883 8.G33 -0.140 -4.873 0.000 46.000
5.283 6.118 -0.125 ~4,.359 0.000 7.000
7.255 7.372 -0.117 -4.0889 0.000 37.000
6.607 6.720 -0.113 ~3.952 ¢.000C 26.000
7.639 7.750 -0.111 -3.870 ¢.000 49.000
8.063 8.163 -0.100 -3.505 6.001 4.000
7.206 7.255 -0.049 -1.712 ¢.088 2.0400
7.441 7.490 -0.048 -1.681 0.0%24 17.000
£.568 6£.616 -0.048 -1.673 0.095 45,000
5.473 5.517 -0.044 -1.5295 0.127 54.000
8.013 8.050 -0.03%7 ~1.296 0.19%96 25.000
6.272 6.286 -0.014 -0.486 G.627 57.000
8.987 B.293 -0.007 -0.228 0.820 34.000
6.686 6.650 -0.004 -0.125 0.901 22.000
7.083 7.083 0.000 0.004 ¢.997 6.000
5.939 6.935 0.004 0.134 0

.893 31.000 page 4 of 5
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RR-DTE-60:

Response:

COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF TELECOMMUNICATIONS AND ENERGY

RESPONSE OF BAY STATE GAS COMPANY TO
RECORD REQUESTS FROM THE D.T.E.
D.T.E. 05-27

Date: July 20, 2005

Responsible: Lawrence R. Kaufmann, Consultant (PBR)

Refer to the Company’s response to DTE-4-19 and RR-DTE-33. Explain
how the assumption that the mean of the random noise in each of the two
separate multi-year periods (subsamples) is zero, is consistent with the
classical regression model assumptions. Provide a statistical proof of
these assumptions. Also, provide a book chapter which deals with this
issue, to support the response.

The basic form of PEG’s regression model is the following:

Cit = X iIIB + 77i[
wheren, = u, +¢,

In this model ¢, is the random noise component of the error term while
M, is the firm-specific component, which in our model is equal to
Inefficiency' — Inefficiency ™™ . It is standard in such models to assume

that E(¢,) =0 and E(x,) =0, where E is the expectations operator

which generates the mean value of a term. One text that deals with this
issue, and supports PEG’s assumptions, is Greene, W.H., 2000,
Econometric Analysis, Prentice-Hall: New Jersey; please see p. 568 of
Chapter 14 provided in Attachment RR-DTE-60 (a). The econometrics
textbook from Arthur Goldberger (A Course in Econometrics (1991),
Harvard University Press: Cambridge, MA) also supports the assumption
that the expected value of the random noise term in the classical
regression model is zero; see especially p. 170 of Chapter 15 in
Attachment RR-=DTE-60 (b).

The assumption that E(¢, ) =0 indicates that the random noise

component is expected to equal zero in any given time period t for a given
firmi. It follows that, over any multi-year period, the average value of the
random noise component will be expected to be zero for a given firm i.
Since this result applies to any multi-year period, it holds true for each of
the two multi-year periods (subsamples) employed in PEG’s analysis.



Bay State Gas Company

D.T.E. 05-27
ane Attachment RR-DTE-60 (a)
wmg Page 1 of 28

CHAPTER

lodels f¢

14.1. Introduction

Data sels that combine time series and cross sections are commaon in economics. For
example, the published statistics of the OECD contain numercus series of economic
aggregates observed yearly for many countries. Recently constructed longitudinal
data sets contain observations on thousands of individuals or families, each observed

' at several points in time. Some empirical studies have analyzed time-series data on
several firms, states. or industries simultaneously. These data sets provide a rich source
of information about the economy. Modeling in this setting, however, calls for some
quite complex stochastic specifications. In this and the next chapter, we will survey the
most commonly used techniques for time-series cross-section data analyses, This
chapter will describe several techniques that have been applied in single equation
modeis. In Chapter 15, we will consider some different models that also employ time-
series cross-section data. but in models that involve sets of equations.

least 14.2. Panel Data Modeis

‘atson ;
7 not? Many recent studies have analyzed panel, or longitudinal. data sets, Two very famous
Serva- ones are the National Longitudinal Survey of Labor Market Expesience (NLS} and

the Michigan Panel Study of Income Dynamics (PSID). In these data sets, very large
cross sections, consisting of thousands of microunits, are followed through time, but
the number of periods is often quite small. The PSID. for example. is a study of
roughly 6000 families and 15,000 individuals who have been interviewed pertodicailv
from 1968 to the present. Another group of intensively studied pancl data sets is those

Le for from the negative income tax experiments of the early 1970s in which thousands of
soeffi- families were followed for § or 13 quarters. Constructing long, evenly spaced lime se-
1e fol- ries in this context would be prohibitively expensive, but for (he purposes for which
ession these data are typically used, it is unnecessary. Time effects are often viewed as “tran-
act on sitions” or discrete changes of state. They are typically modeled as specific to the pe-

riod in which they oceur and are not carried across periods within a cross-sectional
unil.! Panel dala sets are more oriented toward crosssection analyses; they are wide

Theorists have not been prevenied from devising atocorrelation models apphcable fo pasel duia seis
though. See, for cxample. Lee (1978). A a practical matter, however, the erupivical fiterature in this field
hay tended to concentrate on the less intricaie models Fime-serics modeling of the sort discussed in
Chapter 13 is somewhat unusual m the analvsis of longitudinal data,

557
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Bay State Gas Company
D.T.E. 05-27
Attachment RR-DTE-60 (a)

but typically short. Heterogeneity across units is an integral part— indee398297128:
central focus— of the analysis. _

The analysis of panel or longitudinal data is the subject of one of the most active
and innovative bodies of literature in econometrics,” partly because panel data pro-
vide such a rich environment for the development of estimation techniques and theo-
retical results. In more practical terms, however, researchers have been able to use
time-series cross-sectional data 1o examine issues that could not be studied in either
cross-sectional or lime-series settings alone. Two examples are as foliows.

L. Ina widely cited study of labor supply, Ben-Porath (1973) observes that at a
certain point in fime, in a cohert of women, 50 percent may appear to be
working. It is ambiguous whether this finding implies that, in this cohort,
one-half of the women on average will be working or that the same one-half
will be working in every period. These have very different implications for
policy and for the interpretation of any statistical results. Cross-sectional
data alone will not shed any light on the question.

2. A long-standing problem in the analysis of production functions has been
the 1nability to separate economies of scaie and technological change.?
Cross-sectional data provide information only about the former, whereas
time-series data muddle the two effects, with no prospect of separation. It is
common, for example, to assume constant returns to scale so as to reveal the
technical change.® Of course, this practice assumes away the problem. A
study by Greene (1983) examines the cost of electric power generation for a
farge number of firms, each observed in each of several years, The basic
madel, for the ith firm in vear 1.

cost, = C{Y,,p,. 1),

where Yis output and p is a vector of factor prices, provides estimates of the
rate of technological change '

5 =_AnC
dr

and economies of scale
1

e85, = e — ]
. dIn C,
dinY,

*The panel data literature rivals the received research on unit roots in econometrics in its rate of growth. A
compendium of the earliest literature is Maddala {19933, Book-length surveys on the econometrics of
panel data include Hsiao (1986), Dielman (1989}, Matyas and Sevestre (1996), Raj and Baltagi {1992}, and
Baltagi (1995). There are also lengthy surveys devoted to specific topics, such as limited dependent variable
models and semiparametric methods. An extensive biblingraphy is given in Baltagi (1995),

*The distinction between these twao effects foured prominenily in the policy question of whether it was ap-
propriate to break up the AT&T Corporation in the 1980s and, ultimately, o allow competition in the pro-
vision of long-distance telephane service,

“In a classic study of this issue. Solow (1937) states: “From time series of (/0. [ KiK. w, and LIL or their
discrete year-to-year analogues, we conld estmate A4 and thence A nself. Actuatly an amusing thing hap-
pens here. Nothing has been satd so far about returns to seale, Butif all facter inputs are classified either as K
or L. then the available figures alwavs show w . and e, adding up to one. Since we have assumed that factors

are paid their marginal products. this amounis to asswming the hypothesis of Euler’s theorem. The calculus
being what it is, we might just as well assume the conelusion, namely. the 7 is homogeneous of degree one.”
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1 the In principle, the methods of Section 13.3 can be applied {éttfa(?rrl]gnﬁﬂt R Jgf%?gf%)ts In
: the typical panel, however, there are a large number of cross-sectional units and only
clive ‘ a few periods. Thus, the time-series methods discussed there may be somewhat prob-
Dro- lematic. Recent work has gencrally concentrated on models better suited to these
heo- , short and wide data sets. The technigues are focused on cross-sectional variation, or
use heterogeneity. In this chapter, we shall examine the two most widely used models,
‘ther then look briefly at some extensions.
EXAMPLE 14.1 Cost Function for Airline Production
The data in Appendix Table A14.1 were used 1n a study of efficiency in production of
airline services in Greene (1997). The airline industry has been a favorite subject of
study [e.g., Schmidt and Sickles (1984): Sickles, Good, and Johnson (1986)], partly be-
cause of inferest in this rapidly changing market in a period of deregulation and
partly because of an abundance of large, high-quality data sets collected by the {no
longer existent) Civil Aeronautics Board. The original data set consisted of 25 firms
observed yearly for 15 years {1970 to 1984), a “halanced panel.” Several of the firms
merged during this period and several others experienced strikes, which reduced the
number of complete observations substartially. Omiiting these and others because of
missing data on some of the variables left 2 group of 14 full observations, from which
we have selected six for the examples.
We will examine a simple model for the roral cost of production:
log cost, = B, + Bilog output, + Blog fuel price, + Biload factor, + €,.
Output is measured in “revenue passenger miles.” The load factor is a rate of capacity
utilization; it is the average rate at which seats on the airline’s planes are filled. More
complete models of costs include other factor prices {materials, capital) and, per-
haps, a quadratic term in log output to allow for variable economies of scale. We have
restricted the cost function to these few variables to provide a straightforward
iHustration.
Ordinary least squares regression produces the following results. Estimated stan-
dard errors are given in parentheses.
tog cost;, = 9.5169 + 0.88274 log output, + (.45398 log fuel price,
(0.22924) (0.0132553) (0.620304)
— 1.62751 load factor,, + ¢,
i Af (0.34540)
and R = 0.98829, 8% = 0.015528, e'e = 1335442
ible
The resulis so far are what one might expect. There are substantial economies of
ap- scale; e.s., = (1/0.88274) — 1 = (0.1329. The fuel price and load factors affect costs in
e the predictable fashions as well, {Fuel prices differ because of different mixes of types
heis and regional differences in supply characteristics.)
ap-
TS The fundamental advantage of a panel daia set over a cross section is that jt

. will allow the researcher far greater flexibility in modeling differences in behavior

oA Ry
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across individuals. The basic framework for this discussion is a regression TASHEPILS
the form

Yo =t X, 4 oe (14-1)

There are K regressovs in X, not including the constant term. The individoal effect is
.. which is taken to be constant over time ¢ and specific to the individual cross-sec-
tional unit £, As it stands, this model is a classical regression model. If we take the «)'s
to be the same across ali units, then ordinary least squares provides consistent and ef- !
ficient estimates of « and 8 There are iwo basic frameworks used to gencralize this
model. The fixed effects approach takes w, to be a group specific constant term in the ‘
regression model. The random effects approach specifies that «, is a group specific |
disturbance. similar o €, except that for each group, there is but a single draw that en- '
ters the regression identically in each period. We will consider these two approaches
in tura.

RESPLAFY¥ 7Y

14.3. Fixed Effects

A common formulation of the mode! assmnes that differences across units can be :
captured in differences in the constant term.® Thus, in (14-1), each e, is an unknown 3
parameter to be estimated. Let y, and X, be the T observations for the ith unit, and let
€, be associated 7' X 1 vector of disturbances. Then we may write {(14-1) as

AR

= ¥ EN 4+
y, =i, + X, B+ €.
Collecting these terms gives

i 0 - 0] Tal [X
S Y, 6 i - 90 s X, €,

~ fl n

or

X] + €, (14-2)

where d, is a dummy variable indicating the dith unit. Let the nT X n matrix
D=1[d d, ... d/] Then assembiingall nT rows gives

y=Da+ XS+ ¢ (14-3)

This model is usually referred to as the least squares dummy variable (LSDV) modecl
{although the “least squares™ part of the name refers to the technique usually used to
estimaie it, not to the modei as such).

g A

T ts also possible 1o allow the sfopes (0 vary across £ but tis method introduces some new methodological
issues. as well as considerable complexity in the caleuiations. A study on the topic is Corpwell and Schmidt
{1984}, Also, the assumplion of a lixed T only for convenience. The more general case it which 7, varies
across units is considered later, in the exercises, and in Greene (199523,
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‘This model 15 a classical regression model, s0 no new results are 180188 na-

lyze it. If n is small encugh, then the model can be estimated by ordinary least squares
with K regressors in X and n columns in D, as a multiple regression with n + K pa-
rameters. Of course, if » 15 thousands, as is typical, then this model is likely to exceed
the storage capacity of any computer. But, as we found in Chapter &, there is an easier
way to proceed. Using familiar results for a partitioned regression.® we write the OLS
estimator of B as

__ ¢ —1 t

= [X'MX] 1 [X'M,y], (14-4)
where

M, =1-DO'D)'D".

This amounts to a least squares regression using the transformed data X« = M_X and
v+ = M_y. The structure of D is particularly convenient; its columns are orthogonal,
S0

MY o0 ¢ - - @

¢ ™M e - ¢
Mri - .

0 0 0 MY

Each matrix on the diagonal is

i
M = § = i

Premultiplying any 7 % 1 vector z, by MY creates M%, = z, — Zi. (Note that the mean
is taken over only the T observations for unit i.) Therefore, the regression of M,y on
M, X is equivalent to the regression of [y, — ¥, 1 on {x, - x, 1, where X, is the K X 1
vector of means of x, over the T observations. The dummy variable coelficienis can be
recovered from the other normal equation in the partitioned regression:

D'Da + D'Xb = D'y (14-5)
or
a = [D'D]'D'(y — Xb).

This implies that for each i,

= the mean residual in the ith group. (14-6)
Alternatively,

a, =y, —b’%,.
The appropriate estimator of the covariance mainx for b is

Est. Var]b] = s"[X'M X]"', (14-7)
X X o

“See Section 6.4.3.

3 mwg
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Page 6 of 28
which uses the usual second moment matrix with x’s, now expressed as deviations

from their respective unit means, The disturbance variance estimator is

0T
2 2y~ a = xpby
§= B (14-8)

A

e TR L

The irth residual is

. . ——
€ = Yy T T Xh

i

‘5 =Y (?; o ﬁfb) - Xi':h
=, = ¥) — (x, % )'b.
i Thus, the numerator in 52 is exactly the sum of squared residuals from the regression

in (14-4). But most computer programs will use nT — K for the denominator in com-
puting 57, 80 4 correction will be necessary. For the individual effects,
2

Varla] = %; + %] Var[blx, ,

RS

s0 a simple estimator based on s° can be computed.

14.3.1. TESTING THE SIGNIFICANCE OF THE GROUP EFFECTS

i ‘The usual f ratio for a, implies a test of the hypothesis that @, equals zero. This hypoth-
esis, however, is typically not useful for testing in a regression context. If we are inter-
ested in differences across groups, then we can test the hypothesis that the constant
terms are all equal with an F test. Under the null hypothesis, the efficient estimator is
pooled least squares. The F ratio used for the test i3

(R2 — RI}(n — 1)
(1 - RYnT - n-K)

where u indicates the unrestricted model and p indicates the pooled or restricted
model with only a single overall constant term. (The sums of squared residuais may
be used instead if that is more convenient.) It may be more convenient to estimate
the model with an overall constant and n — 1 dummy variables instead. The other re-
suits will be unchanged, and rather than estimate a,, each dummy variable coefficient
will be an estimate of a; — «,. The F test that the coefficients on the n — 1 dummy

RRRRTY. 7 S5 EE VN

N
%
3
I
i3

Fin —1,nT —n~K) =

(14-9)

mulation is

variables are zero is identical to the one above. It is important to keep in mind that al-
;i though the statistical results are the same, the interpretation of the dummy variable
g coefficients in the two formulations is different.”

b

%

i3 14.3.2. THE WITHIN AND BETWEEN GROUPS ESTIMATORS

i We could formulate a pooled regression model in three ways. First, the original for-

V.= a+ Bx, + e, (14-10a)

"For a discussion of the differences, see Suits (19843,
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In terms of deviations from the group means, Page 7 of 28
Vi VLT B, - X)) e, — €, (14-10b)
whereas in terms of the group means,
V.= ot B G (14-16¢)

All three are classical regression maodels, and in principle, all three could be estimated,
at least consistently if not efficiently, by ordinary least squares. [Note that (14-10c) in-
volves only n observations, the group means.] Consider then the matrices of sums of
squares and cross products that would be used in each case, where we focus only on
estimation of . In (14-10a), the moments would be about the overall means, § and X,
and we would use the total sums of squares and cross products,

|

2 (x, = X)x, -

S, X )’
i=17=1
and
H T
S = 2 3% = D)0, - 3
f=]r=

(The use of the superscript ¢ indicates “total” and is unrelated to the time subscript.)
For (14-10b), since the data arc in deviations already, the means of (y, — ¥, ) and
(x, — X,) are zero. The moment malrices are within-groups (i.e., deviations from
group means) sums of squares and cross products,

n T
S:Jx = 2 2 (.Xu - i13)(:’{1'! - Ei.)‘l

i=1r=1
and
a T

Su 2 2(“‘:;1 - “f;'.)(y,‘; - 5;1)

i=1i=}

I

Finalty, for (14-10c), the mean of group means is the overall mean. The moment matri-
ces are the between-groups sums of squares and cross products, '

I

S 7R, - XHE — )

i=1

“\b
S5
and

i=1
It is easy to verify that
I Qe ab
s.\'.’. - S,l',\' ] S.\.\
and
P Q0 Gl
S.\j\-‘ S vy 5 vyt
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- . . . Page 8 of 28
Ihere are, therefore, three possible least squares esttmators of f# corresponding to

the decomposition. The least squares estimator is
b = [Six]‘lsiy = [S¥ + si’t}i{s; -+ Sf\j (14-11)
The within-groups estimator is
W wI—1Qw
b" = [S¥] S5 (14-12)

XX

This is the LSDV estimator computed earlier. [See (14-4).] An alternative estimator
would be the between-groups estimator,

b* =[Sl ]S, (14-13

(sometimes called the group means estimator). This least squares estimator of
(14-10c) is based on the n sets of groups means. From the preceding expressions {and
familiar previous results),
W __ i
S‘\'y - S;‘;bA»

and
b b i
_S_t,_\, = 8§ b°.

inserting these in (14-11), we see that the OLS estimator is a matrix weighted average
of the within- and between-groups estimators:

b’ = F*b"Y + F'p® (14-14)
where

B = [Sh + SLl7su =1 - P

14.3.3. FIXED TIME AND GROUP EFFECTS

The least squares dummy variable approach can be extended to include a time-spe-
cific effect as well. One way to formulate the extended model is simply o add the
time effect, as in

Yy =y, By, + e, (14-15)

This model is obtained from the preceding one by the inclusion of an additional
T~ 1 dummy variables. One of the time cffects must be dropped to avoid perfect
collinearity. If the number of variables is too large to handie by ordinary regression,
then this model can also be estimated by using the partitioned regression.® There is an
asymmetry in this formulation, however, since each of the group effects is a group-

*The matriy algebra and the theoretical development of (wo-way effects in panet data models are quite
compiex. See. for example, Baltagl (19953, Fortunately, the practical application is much simpler. The num-
ber of periods analyzed in most panel data sets is rarety more than a handful. Since modern computer pro-
arans. even those written strictiy for microcompuiers, uniformiy allow dozens (or even hundreds) of re-
sressors. almost any application involving a second fixed effect can be handled just by literally mcluding
the second effect as a set of actual dummy variables.
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specific intercept, whereas the time effects are contrasts, that is, comPagR8ief 28 a base
period (the one that is excluded). A symmetric form of the model is
Vo=t oot oyt BIX, e, {14-15")
where a full 7 and T effects are included, but the restrictions
N
2= 2y =0
7 !

are imposed. Least squares estimates of the slopes are obtained by regression of

Yoy = Yo ™ :ﬁj, - 3;‘1 +¥ (14-16}

.,

on .

where

N
y.r— 1 241}’:‘:3
1 &%
Z zyih

nT i=1 (i

It

y

and likewise for X, and X. The overall constant and the dummy variable coefficients
can be recovered from the normal equations as
m =y — b'x,
= e o=
a= .-y} bR - X), (14-17)
¢, =(¥,—7%)—b'(x, - X).

i

il

The estimated covariance matrix for b is computed using the sums of squares and
cross products of xs, and §° computed as usual, e'e/[nT ~ (n ~ 1) — (T - 1} ~
K —~ 1}. If one of n or T is small and the other is large, then it will usually be simpler
just to treat the smaller set as an ordinary set of variables and apply the previous re-
sults to the one-way fixed effects model defined by the larger set. Although more gen-
eral, this model is rarely used in practice. There are two reasons. First, the cost in
terms of degrees of freedom is often not justified. Second, in those instances in which
a model of the timewise evolution of the disturbance is desired, a more general model
than the dummy vartable formulation is usually used.

14.2  Fixed Effects Regressions

Tabie 14.1 contains the estimated cost equations with individual firm effects. specific
period effects, and both firm and period effects. For comparison, the least squares and
group means results are given alsa. The [ statistic for testing the joint significance of
the firm effects 1s

(0.99743 -~ 0.98829)/5

L 57614,
(1 — 0.99743)/81 ’

Fi5,81] =

The critical value from the F rable is 2.327, so the evidence s strongly in favor of a
firm specific effect in the data. The same computation for the time effects. in the ab-
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Parameter Estimatey

Specification 8, 8, B, 3, ” 52
No effects 9.517 0.88274 (0.45398 —1.6275 0.98529 (1.015528
(0.22924)  (0.013255)  (0.020304)  (0.34530)
Group means 85812 0.78246 —5.5240 —1.7310 1.99304 0.015837
{56.482) (0.10877) (4.47870%  (2.74308)
Firm effects 0.91930 (0.41749 —LO07040  (.99743 0.0036125
{0.025890)  (0.015199)  (0.20169)
a, &gl 9.706 9.665 9.497 9.891 9.730 4.793
Time effects 0.86773 —(.48447  —1.95442 (0.990446 (L.015114
(0.015408)  {0.36411)  (0.44238)
¢ - Gy 20.496 20.578 20,656 20741 21.200 21411 21.503 21.654
g« - . Cy 71.829 22114 27.465 22651 22.616 22.552 22.537
Firm and time 12.667 0.81725 0.16861 ~(.88281 (.99845 0.0026393
effects {2.0811) (0.031851) (16347 (0.26174)
a a, (.12833 0.00544 —0.18947 (.13425 -0.09265  --0.04593
o Cy ~0.37407 031932 027669 022304  —(.15393  (.10809  —0.07686 ~(L.02073
C, e 0.04722 0.09173 0.20731 0.28547 030138 0.30047 {.31911

sence of the firm effects produces an F[14, 72] statistic of 1.1683, which is consider-
ably less than the 95 percent critical value of 1.832. Thus, on this basis, there does not
appear to be a significant cost difference across the different periods that is not ac-
counted for by the fuel price variable, output, and Joad factors. There is a distinctive
pattern to the time effects, which we will examine more closely later. In the presence
of the firm effects, the F[14, 72] ratio for the joint significance of the period effects 1s
3.133, which is larger than the table value of 1.842.

14.3.4. UNBALANCED PANELS AND FIXED EFFECTS

Missing data are very common in panel data sets. For this reason, or perhaps just be-
cause of the way the data were recorded, panels in which the group sizes differ across
groups are not unusual. These panels are called unbalanced panels. The preceding
analysis assumed equal group sizes and relied on the assumption at several points. A
meodification to aillow unequal group sizes is quite simple.? First, the full sample size is
¢ Ty instead of nT, which calls for minor modifications in the computations of s,

Since most modern economeirics compater packages fully automate the computation, this discussion is
presented in the interests of removing the veil aver what sometimes sppears 1o e a faily arcane set of
caleutations.

e L i 8 v e 5 bk T — i 4t

5
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Var{b], Var{a ], and the F statistic. Second, group means must be based an T., which
varies across groups. The overall means for the regressors are simply

n T El
e f ' E Xit E X, :
i == inr: l = = JII e E H)Ikﬁi_ H
2T >

i=1 i=1
where w, = T/(Z1.; T;). If the group sizes are equal, then w, = 1/n. The moment ma-

trix shown in (14-4),

— S = X'M,X,

—— ; is a sum of matrices of sums of squares and cross products, summed across the groups,

" n T, :
2XMIX = Y (E (x; — X )%, — i,-,)')-
i=1 =1 \i=]
A This matrix is called the within-groups sum of squares. The other moments, 8%, and
_ 8!, , are computed likewise. No other changes are necessary {or the one factor LSDV
estimator. The two-way model can be handled likewise, although with unequal group
sizes in both directions, the algebra becomes fairly cumbersome. Once again, however,
- the practice is much simpler than the theory. The easiest approach for unbalanced
panels is just to create the full set of 7 dummy variables using as T the union of the
;; dates represented in the full dald set. One (presumably the 1ast.) is dropped, sc we re-
) vert back to (14-15), Then, within each group, any of the 7 periods represented is ac-
- counted for by using one of the dummy variables. Least squares using the LSDV ap-
proach for the group effects will then automatically take care of the messy accousting
ler- details.
not
ac- 14.4. Random Effects
e ! The fixed effects mndel is a reasonable approach when we can be confident that the
e differences between units can be viewed as parametric shifts or the regréssion func-
318 tion. This model might be viewed as applying only to the cross-sectional units in the
- study, not to additional ones outside the sample. For example, an intercountry com-
parison may well include the full set of countries for which it is reasonabie to assume
i that the model is constant. In other settings, it might be more appropriate to view in-
Y- ! dividual specific constant terms as randomly distributed across cross-sectional units.
155 g This view woultd be appropriate if we beliech that sampled ¢r055~s¢ctiu;qui units were
ng ' draw_n from a large Dopulgizon. It \‘vould certainly be the case for the 1ongitudinai data
A i sets listed 1n the introduction 1o this chapter.”
I % Consider, then, a reformulation of the model
52 ; V=t B, b u t e, (14-18)
‘
15 f‘
of i
“This distinction is not hard and fast: it is purely heuristic, We shall return 10 this issue fater.

ki
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where there are K regressors in addition to the constant term. The component w, is the
% random disturbance characterizing the ith observation and is constant through time. ‘é
In the analysis of families, we can view them as the collection of factors nat in the re- _
; gression that are specific to that family. We assume further that
: - - Y !
: fl[f:‘"} = EL“J = (),

: IY 2
3 E u_2 = 0_2 ,

E [ 1] i . . i (14_‘19)

i Eleu] =0 foralli  andj,

Elee,] =0 i+ sori#j,
E[u,‘uj] = ifi# ]

1  As before, it 1s useful to view the formulation of the model in biocks of T observa-
’ tions for observations £, y,, X,, #i, and ¢, For these T observations, let

w, = €, + u,

and

b=
u

w,o= [, weo, o, Wl .

In view of this form of w,, we have what is often called an “error components model.”
Then, for this model,

E{w?] = 0‘3 + o2

i @>
: Elww = ol t #s.
’ For the T observations for unit i, let €& = Ejww!]. Then
o2 + ol ol ol a?
ol o2+ ol ol - al
! Q= . = o2k, + o, (1420
2 2
-, oL T T ol + oy
whereiisa T X 1 column vector of 1s. Since observations { and j are independent, the
; disturbance covariance matrix for the full 7 observations is
i £ 0 0 --- 0
6 9 66 --- 0
i Vo= = QR {14-21)

06 6 ¢ --- Q

This matrix has a particularly simple structure.

14.4.1. GENERALIZED LEAST SQUARES

For generalized least sguares, we require V-7 = 1 & O~ Therefore, we need only
2 g 5 3

find ©4 17, which is
\ 14 a
Q- = ~——»[I - ii'J,
a 1
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where
&=
The transformation of v. and X, for GLS is therefore
yil - Byl -|
]_ -yfz g-my"i.
($n Uzy‘. = e . , (14-22
o, .
Vo = 357;._

and likewise for the rows of X! For the data set as a whole, generalized least squares
is computed by the regression of these partial deviations of y, on the same transfor-
mations of x,. Note the similarity of this procedure to the computation in the LSDV
model, Whu,h has 6 = 1. {One could interpret @ as the effect that would remain if o,
were zero, because the only effect would then be w,. In this case, the fixed and random
effects models would be indistinguishable. so this result makes sense.)
It can be shown that the GLS estimalor is, like the OLS estimator, a matrix
weighted average of the within- and between-units estimators:

~

B =F"b" + (1 - Fpb 2 (14-23)
where
I'}w — {Sw + /\Sb ]—isa:)’
ol
o
— € — 2
A= . = (1 ~ ).

To the extent that A differs from one; we see that the inefficiency of least squares will
follow from an inefficient weighting of the two least squares estimators. Compared
with generalized least squares, ordinarv least squares nlaces too much welght on thé
between-units variation, It ncludes 1€ all in the variation in X, rather then apporfion-
ing some ol 1t 1o random variation across groups attributabie to the variation in u'
across umits.

" There are some polar cases to consider. If A equals 1, then generalized least
squares is ordinary least squares. This situation would occur if o’i were zero, in which
case a classical regression model would apply. If A equals zero, then the estimator is
the dummy variable estimator we used in the fixed effects setting. There are two pos-
sibilities. If o were zero, then all variation across units would be due to the different
u;'s, which, because they are constant across time, would be equivalent to the dummy
variables we used in the fixed-effects model. The question of whether they were fixed
or random would then become moot. They are the only source of variation acrass -
units once the regression is accounted for. The other case is T — co. We can view it

"FThis transformation is a special case of the more general treatment in Nerlove {1971b).

VA alternative form of this expression, in which the weighing matrices are proportional to the covariance
matrices of the two estimators, is given by Judge et al. ¢ ]‘)‘\1}

T Y Y TS T
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8 thisway: If 7 — o then the unobserved u; becomes observable. Take the Pobserva. ‘
: tons for the ith unit. Our estimator of {«, 8] is consistent in the dimensions 7 or x.
; Therefore, {

s —
yifm a - BXH - ui + Ei'r
is observable. The individual means will provide
LT — ' = J iy -
Vima s BX = a4 e

But € converges to zero, which reveals u, to us. Therefore, if T go¢s to infinity,
becomes the d; we used earlier. {(Thatitis not 1 is immaterial; it is nonzero only for
unit 4.

ERA 277 AN

14.4.2. FEASIBLE GENERALIZED LEAST

SQUARES WHEN 1 IS UNKNOWN _

If the variance components are known, generalized least squares can be computed
without much difficulty. Of course, it 1s not likely, so as usual, we must first estimate
the disturbance variances and then use an FGLS procedure. A heuristic approach to
estimation of the components is as follows:

¥, = o+ [)”x” + €, + i,

s 2T KSR,

and
ﬁ[_. = o + ﬁ';{}‘ -+ Ej. + ;. (14-24)

Therefore, taking deviations from the group means removes the heterogeneity:
\\: yi.‘ - ij. = B’{Xh’ o i;z] + {6[: - E{.]' (14—25)

s

Since

.- _
=2

: £ (& — &) | = (T - I)Uis

; =1

if B were observed, then an unbiased estimator of of based on T observations in

group { would be

; (Ef‘r - Ef.)z

i) =

{14-26)

Since 8 must be estimated — we use the LSDV estimator in (14-4)—we make the
usual degrees of freedom correction and use

-
-~ 2
E (e, — )

Sz(i) - L‘_j_ _____ i {14-27)
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We have n such estimators, so we average them to obtain

_ 1 & )
52 = - 2, 54(i)

i=1 .,
2 (e - z.)
r=1
T'—-K-—1
(eir - Ei.)2

ntT —nkK —n

(14-28)

The degrees of freedom correction in 52 is excessive because it assumes that o and
B are reestimated for each i. The estimated parameters are the n means ¥, and the K
slopes. Therefore, we propose the unbiased estimator™®

I T
E E (ez‘z - Wéi_)z

& = ":;;‘j‘m - (14-29)

This is the variance estimator in the LSDV model in (14-8), appropriately corrected
for degrees of freedom. The n means;

o = ¥ T @~ BX, (14-30)

are independent and have variance

VBE[E**I_] = O'gg* = e Ui

By incorporating the degrees ot freedom correction tor the estimate of B in the group
means least squares regression of (14-24) we car use

4 €hpCupn
&

a ® = ﬁ = n?** (14-31)
as an unbiased estimator of o#/7" + 2. This suggests the estimator
&
62 = Ry — T . (14-32)

The estimator in (14-32) is unbiased but could be negative in a finite sample. Al-
ternative estimators have been proposed.' Since we only require a consistent estima-
tor of o7 , any consistent estimator of £ could be used in (14-31), including the origi-
nal pooled OLS estimator. Such a finding might cast some doubt on the

YA formal proof of this proposition may be found in Maddala (1971} or in Judge et al. (1985, p.551).

“See, for example, Watlace and Hussain (1969), Maddala (1971}, Fuiler and Battese (1974), and Amemiva
(1971},
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appropriateness of the medel, however, and before proceeding in this fashion, one
might do well to reconsider the random effects specification.

There i3 a remaining complication. If there are any regressors that do not vary
within the groups, the LSDV estimator cannot be computed. For example, in a model
of family income or labor supply, one of the regressors might be a dummy variable for
location, family structure, or living arrangement. Any of these could be perfectly
collinear with the fixed effect for that family, which would prevent computation of the
LSDV estimator. In this case, 1t is still possible to estimate the random effects vari-
ance components. Once again, let {a, b] be any consistent estimator of [«, B], such as
the ordinary least squares estimator. Then, using all n7 residuals, m = e’e/(nT) has
e'e o
—;—17]7: = O‘e T (T“.

Now, using the n group means, (14-31) is still usable for estimation. This result pro-
duces two moment equations in the two unknown variance terms,

plin

o
Flgx = - o,
o 7 s
_ 2 2
'V”E‘(’ - (}”E + Uf('
which have sofutions
oo T
a, = T (1m,, = Msex)
n T 1
FL O e M — o A1,
H T—1 PR

= itz + {1 — wim,,,

where w > 1. As before, this estimator can produce a negative estimate of ¢ that,
once again, calls the specification of the model into question.

14.4.3. TESTING FOR RANDOM EFFECTS

Breusch and Pagan {1980) have devised a Lagrange multiplier test for the random ef-
fects model based on the OLS residuals, For

Hyo? = (or Corr[w,, w, | = 0),

H: cri #+
ni 2‘; (r

the test statistic is

~ b~
iy
> B
e
i (%]
[

LM = — L
AT-D | § 3,
i imlamy !
G
Iy fed
= e - } N - 3




1, one

tvary
nodel
fe for
fectly
A the
VATI-
«ch as
7 has

pro-

‘hat,

1ef-

EXAMPLE 14.3 Testing for Random Effects

EXAMPLE

Bay State Gas Company
CHAPTER 14 Models for PRIFELERT 573
Attachment RR-DTE-60 (a)
. e . . P 17 of 2
Under the nuil hypothesis, LM is distributed as chi-squared with onc Pegree o? free-

dom. A useful shorteut for computing LM is as follows. Let I} be the matrix of dummy
variables defined in (14-2), and let e be the QLS residual vector, Then

nT [ e'DD'e qf
AT - 1) L e'e '

IM = 14-34)

The least squares estimates for the cost equation were given in Example 14.1. The
firm specific means of the least squares residuals are

€ = [0.068869, —0.013878, —0.19422, 0.15273, —0.021583, $.0080906]

The total sum of squared residuals for the least squares regression is e'e = 1.33544, so0

nT T’e'e 2
LM = - = 334 85,
M 2T — 1) [ e'e 1]

Based on the least squares residuals, we obtain a Lagrange multiplier test statistic of
334.85, which far exceeds the 95 percent critical value for chi-squared with one degree of
freedom, 3.84. At this point, we conclude that the classical regression model with a single
constant term is inappropriate for these data. The result of the test is to reject the null hy-
pothesis in favor of the random effects model. But, it is best to reserve judgment on that,
because there is another competing specification that might induce these same resuits,
the fixed effects model. We will examine this possibility in the subsequent examples.

With the variance estimators in hand, FGLS can be used 1o estimate the parame-
ters of the model. All our earlier results for FGLS estimators appty here. It would also
be possibie to obtain the maximum likelikood estimator.’® The likelihood function
is complicated, but as we have seen repeatedly, the MLE of B will be GLS based on
the maximum liketihood estimators of the variance components. It can be shown that
the MLEs of of and (T": are the unbiased estimators shown earlier, withour their
degrees of freedom corrections.'s This model satisfies the requirements for the
Oberhofer-Kmenta algorithm, so we could also use the iterated FGLS procedure to
obtain the MLEs if desired. The initial consistent estimates could be based on least
squares residuals. Still other estimators have been proposed. None will have better as-
ymptotic properties than the MLE or FGLS estimators, but they may cutperform
them in a finite sample.”

14.4 Random Effects Models

To compute the FGLS estimator, we require estimates of the variance COMpPONEIs.
The unbiased estimator of o2 is the residual variance estimator in the within-units
(LSDV) regression. Thus.

0.2926116
_ T = 00,0036 2!
= —p —5 ~ 00036125

=2
Ue

USee Hsiza (1986),
USee Berrea (1979,
PSee Maddala and Mount {1973),
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The sroup means regression results were given in Table 14.1. The residPabet8mfB
squares in the group means regression is 0.3167026,50

~ 0.03167276
— g = e == () 15838,
T O . 0.015838
Therefore,
- £.0036125
(Ti = (L.O15838 - w*“l“g“ww = (.0155973.
For purposes of FGLS,
~ 0.0036125  #7
6=1-|——-——| = 0876691
15(6.015838)
‘TABLE 14.2 Random ‘and Fixed Effects Esfimates
Parameter Estimates
Speciﬁ:.'atic;n B, JEN f B, R? s
No effects 9.517 0.88274 (.45398 —1.6275  0.98829 0.015528
(0.22924) (0.013255)  {0.020304)  {0.34530)
Firm effects Fixed effects )
0.91930 0,417449 —1.0704  0.99743  0.0036125
(0.029890)  {0.015199)  {0.20169)
White(1) (0.019106)  (0.013533)  (0.21662)
White(2}) (0.027977)  (0.013802)  (0.20373)
Fixed effects with autocorrelation p = 0.5162
(192804 (139197 —1.21932 0.001967

(0.033112)  (D.016911)  (0.20262) sH(1 — pY) . = 0.002681
Eandom effects

9.627 (3.90668 (.42278 -1.0645 &% = 00155963
(0.20986) (0.02559) (0.01400) (0.2000) &7 = 00036125
i Random effects with autocaorrelation p = 0.5162
: 10.071 0.91661 0.39671 —1.2103 &2 = 0.026648
(0.2597) (0.029150)  (0.01604)  (0.20082) &2 = 0.0074974
Firm and time effects Fixed effects
12.667 081725 0.16861 —0.88281  0.99845  0.0026395
{20811) (0.031851)  (0.16347)  (0.26174;
Random effects
9.599 0.50237 0.42418 —~1.0531 &% = 0.015662
(0.19122) (0.023066)  (0.01264} (0.1779) &% = 0.0026395

&2 = 0.000068322

e ostimate of §is a function of two mozients of the residuals. The constant iy the regression is also
a4 sample moment. Therefore, the results of Scction 4.7.2 could be used Lo esumate the stamdard error ot
aftl
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The FGLS estimates for this random effects model are shown in Table 14.2, with the
fixed effects estimates. The estimated within-groups variance is larger than the
between-groups variance by 2 factor of five. Thus, by these estimates, over 80 percent
of the disturbance variation is explained by variation within the groups, with only the

small remainder explained by variation across groups.

None of the desirable properties of the estimators in the random effects model
refies on T going to infinity.!? Indeed. T is likely to be quite small. The maximum like-
lihood estimator of (rf is exactly equal to an average of n estimators, each based on
the T observations for unit 7. {See (14-28).] Each component in this average is, in prin-
ciple, consistent. That js, its variance is of order 1/7 or smaller. Since T is small, this
variance may be relatively large. Each term provides some information about the pa-
rameter, however. The average over the » cross-sectional units has 4 variance of order
V(nT), which will go to zero if » increases, even if we regard 7 as fixed. The conclu-
sion to draw is that nothing in this treatment relies on T growing large. Although it
can be shown that some consistency results will follow for T increasing, the typical
panel data set is based on data sets for which it does not make sense 1o assume that T
increases without bound or, in some cases, at all.? As a general proposition, it is nec-
essary 1o take some care In devising estimators whose properties hinpe on whether T
is large or not. The widely used conventional ones we have discussed here do not, but
we have not exhausted the possibilities.

The LSDV model docs rely on T increasing for censistency. To see. we use the
partitioned regression. The slopes are

b= [X'MX] XMy,

Since X is 11" X K, as long as the inverted moment matrix converges to a zero matrix,
b is consistent as long as either 2 or T increases without bound, But the dummy vari-
able coefficients are

(e

T2
We have already seen that b is consistent. Suppase, for the present, that X, = 0. Then
Var{a,| = Var{y, J/T. Therefore. unless 7 — 2, the estimators of the unit-specific ef-
fects are not consistent. {Thev are, however, best linear unbiased.) This inconsistency
is worth bearing in mind when analyzing data sets for which T is fixed and there is no
intention to replicate the study and no logical argument that would justify the claim
that it could have been replicated in principle.

‘The random effects model was developed by Balestra and Nerlove (1966). Their
formulation included a time-specific component as well as the individual effect:

— : far i .
.“"u =T B kfl 1 6{! [ Y-

YSee Nickell (19810

“n this connection, Chamberlain {1983 has provided some inpovative teeatments of panel data that, in
fact, rake 7as given i the model amd Ui base consistency yesulis solely on vinereasing, Some additional
resubts for dynamic maodels are given Bhargava and Sargan ¢ 1953},
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The extended formulation is rather complicated anaiytically. In BaR29es209848
Nerloves study, 6 was made even more so by the presence of a lagged dependent
variable that causes all the problems discussed earlier in our discussion of autocorre-
lattion. A full set of results for this extended model. including a method for handling
the lagped dependent variable, has been developed.” The full modei is rarely used,
however. Most studies limit the model to the wdividual effects and, if needed, model
the time effects in some other fashion.®

14.4.4. HAUSMAN’S TEST FOR FIXED OR RANDOM EFFECTS
At various points, we have made the distinetion between fixed and random effects
models. An inevitable guestion is. Which should be used? 1t has been suggeested that
the distinction between fixed and random effects models is an erroncous interpreta-
tion. Mundiak {1978) argues that we should alwavs treat the individual effects as ran-
dom. The fixed effects model is simply analvzed conditionaily on the effects present in
the observed sample, One can argue that certain institutional factors or characteristics
of the data arpue for one or the other, but urfortunately, this approach does not al-
wavs provide much guidance. From a purely practical standpomt, the dummy variable
approach is costiv in terms of degrees of freedom lost, and in a wide, longitudinal data
set, the random effects model has some intuitive appeal. On the other hand, the fixed
effects approach has one considerable virtue. There 1$ no justification for treating the
individual effects as uncorrelated with the other regressors, as is assumed in the ran-
dom effects model. The random effects treatment, therefore, may suffer from the in-
consistency due to omitted variables

1t is possible to test for orthogonality of the random effects and the regressors,
The specification test devised by Hausman (19787 has the same format as that for
the errors in variables model discussed in Section 9.5.4. 1t 1s based on the idea that un-
der the hypothesis of no correfation. both OLS in the LSDV medel and GLS are con-
sistent, but OLS is inefficient,” whereas under the alternative, OLS is consistent, but
GLS is not. Therefore, under the nuli hypothesis, the two estimates should not differ
systematically, and a test can be based on the difference. The other essential ingredi-
ent for the test is {he covariance matrix of the difference vector, [ — fB]:

Var[b — B8] = Var[b] + Var[f] — Covib. ] — Covib, 3]". (14-35)

Hausman's essential result is that the covariance of an efficient estimaior with its differ-
eice from an inefficient estimaior is zero, which intphies that

Cov{(b — f3), ] = Covb. ] -~ Var[f] = 0
or that

Covlb, B] = Var{].

FSee Balestra and Nerlove (1968), Fomby, Hill, and Jo waotsdh Judee et al {1985). Hsizo (1986), An-
derson and Fisiao (P82, Nevtove (1971a), and Baliag
Seo Macurdy (192) and Begos (1986,

e s and Taylor (G981) and Chamberlain (14675

SRefated resslts ure given by Babtagi (19861,
TReferring to the GLS mauiv weiphted average piver coroen we see that the efficient weighl uses 4,
whereas OLS seis 8 = [
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wnd Inserting this result in {14-35) produces the required covariance matrix for the test,
ent Varlb — [3} = Var[b] — Var[] = £. (14-36)
Te- '
ing The chi-squared test is based on the Wald criterion:
o W = ¥’[K] = [b — BIZ 75 — Bl. (14-37)
(e N
For ¥, we usc the estimated covariance matrices of the slope estimator in the LSDV
model and the estimated covariance matrix in the random effects model, excluding
the constant term. Under the null hypothesis, W is asymptotically distributed as chi-
s squared with K degrees of freedom.
hat EXAMPLE 14.5 Hausman Test
Hta- The Hausman test for the fixed and random effects regressions is based on the parts
an- 2 p
i of the coefficient vectors and the asymptotic covariance matrices that correspond to
n : the slopes in the models, that is, ignoring the constant term(s). The coefficient esti-
tics . . e T L . o
al- mates are given in Table 14.2. The two estimated asymptotic covariance matrices are
ible 0.0008934 —0.0003178 —0.001884 ] a
lata Est. Var[b,.] = | —6.0003178  0.0002310 —0.0007685
xed —0.001884  —0.0007685 0.04067
the
a0 and
in- 0.0006547 —0.0002270 ~0.001542
Est. Var[b,] = | —0.0002270  0.0001961 —0.0608968
ors. ~0.001542  —0.0008968 0.03991
for .
un- The test statistic is 3.25. The critical value from the chi-squared table with three de-
on- grees of freedom is 7.814, which is far larger than the test vatue. The hypothesis that
‘but the individual effects are uncorrelated with the other regressors in the model cannot
ffer be rejected. Based on the LM test, which is decisive that there are individual effects,
édi~ and the Hausman test, which suggests that these effects are uncorrelated with the
other variables in the model, we would conclude that of the two alternatives we have
considered, the random effects model is the better choice.
.35)
ffer- 14.4.5. UNBALANCED PANELS AND RANDOM EFFECTS
Unbalanced panels add a new layer of difficulty in the random effects model. The first
problem can be seen in (14-21). The matrix V is no longer I ® €1 because the diagonal
hlocks in V are of different sizes. There is also groupwise heteroscedasticity, because
the ith diagonal block in V=¥ is
3l — 91' :
G = l?; - TH’
CAD- i
6= 1 2
DN o g
w8 [n principle, estimation is still straightforward, since the source of the groupwise hiet-
WS

eroscedasticity is only the unequal eroup sizes. Thus, for GLS, or FGLS with estimated
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variance components, it is necessary only to use the group specific ¢, in"the transfor-

mation in (14-22}.

The problem arises in the estimation of the variance components. The LSDV esti-
mator (properly computed) still provides a consistent estimator of ¢?. But we nced a
second equation 1o estimate crf . We used the group means estimator for this step in
(14-30). 1n the group means regression (14-30), the disturbances are now het-
eroscedastic:

7
&
€ 2
=1 :
Varju, + - — = ol + = &
! : [ 7
! 7

The unbiasedness result for estimating the variance in this regressicn no longer holds.
The OLS slope estimator for the full sample is still unbiased, however. And, we have
scen a similar case in Section 12.2.2. The disturbance variance estimator in a het-
eroscedastic regression is a consistent estimator of
n
7 = plim— Y, «%,

LS|
assuming that the probability limit exists. In fact. the mean squared residual using
group means is a consistent estimator of % based on any consistent estimator of f3.
Now, in this setting. consistency still applies to n increasing, not T, Therefore, the vari-
ance estimator in the group means regression is a consistent estimator of

501

w2 2o o2 e ©ND
K o, + o phim n AT
H i

3

2 & g2l
a;, + oplimQ,,

f

assuming that ( has a probability limit (or an ordinary limit). It appears that some
assumption about the group sizes is necessary. If T, were randomly distributed across
individuals around a mean of T, then plim O = UT (of course). This assumption may
be realistic, but if not, then some characterization of the sequence [T} is needed to
claim consistency of the variance components. If we assume only that the probability
limit exists and thatl we are estimating it consistently, then the feasible counterpart to
{14-31) and (14-32) would be

€Yy Co
n— K’

e SRS S -1
Cr” O % O—(Q“.

Tz —

We can now continue with FGLS estimation.

14.5. Heteroscedasticity and Robust
Covariance Estimation

Since the models considered here are extensions of the clussical regression model,
we can freat heteroscedasticity i the same way that we did in Chaprer 12 That i
we can compute the ordinary or leasible peneralized least squares esumators and
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fRifszizeit ohtain an appropriate robust covariance matrix estimator, or we cap mpose some
Giisas ..—%Z - structure on the disturbance vanances and Use peneranzed feast squares, In the panel
ZroTs data settings, there is greater flexibility for the second of these without making
SEIIiE strong assumptions about the nature of the heteroscedasticity, We wii| discuss this
g.fg ::5.,-,;:-: model under the heading-of “covariance structures” in Section 15.2, In this seciion,
sESetiDs we will consider robust estimation of the asymptotic covariance matrix for leas
R squares. ' '
:_5_:{5 14.5.1. ROBUST ESTIMATION OF THE FIXED EFFECTS MODEL
SR In the fixed effects model, the fu]l fegressor matrix is Z = [D, X). The White het.
peSsrrios srascedasticity consistent covariance matrix for OL$—that s, for the fixed effecis es.
= timator —s the lower right block of the partinonca matrig
T Est. Varfa, b] = (2'2) "2 6%2(2/2)
§§§? Eg_.:':g where E is a diagonal matrix of least squares (fixed effects estimator) residuals. This
£ P computation promises to he formidable, but fortunately, it works out very simply,
SErEIota ' The White estimator for the slopes is obtained just by using the data in £TOUp mean
sEisEsiEs deviation form fsec (14-4) and (14-8)} in the familiar computation of §; [see (12.7)
IR to (12-9)]. Also, the disturbance variance estimator in (14-8) is the counterpart to
geszsoooss the one in (12-3), which we showed that after the appropriate scaling of £ was a
) consistent estimator of o = pim{1/(nT)} ¥ 2T o7. The implication is that we
— =¥ may still use (14-8) to estimate the variances of the fixed effects.
2E: :5_-‘?55' A somewhat less general but usefu] stmplification of this result can be obtained
ZITSSERID i we assume that the disturbance variance is constant within the jth group. If
"“”555: 4 L£lel] = o, then, witn a pancl of data, o7 is estimabie by eje,/T using the least squares
' residuals. (This heteroscedastic regression model was considered at Various points in
e Chapter 12.) The center matrix in Est. Var|a, bl may be replaced with E‘i((;;el./T)Z}Z[.
SrsciaIs Whether this estimator is preferable is unciear. 11 tae groupwise modet is correct, thep
R . it and the White estimator wii] CORVETgE to the same matrix. On the other hand, if the
A -;ng ; disturbance variances do vary within the groups, then this revised computation may
*_ 5 =; be inappropriate.
FAErrrr e Arellanc (1987) has taken this analysis a step further. If one takes the ith group as
e S a whole, then we can treat the observations in
2 :':5:: EH A ¥y, = Of{i + X{B + €
=2 - as a generalized regression madel with disturbance covariance matrix £).. We saw in
HEE : Section 11.4 that a model this general, with no structure on £}, offered little hope for
sEEEITISIE estimation, robust or otherwise. But the problem is more manageable with a panel
SEiEISisiy data set. As before, Jet X, denote the data in graup mean deviation form. The coun-
FiSiTE H terpart to X'€2X here is
e .
e XLOX, = Z; (X ).
SSEsi i=
SEEEaE By the same reasoning that we used o construct the White estimator in Chapter i2.

We can consider estimating & with the sample of one. cel. As befare, it is por
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conststent estimation of (he individua] £2°s that is ag 1ssue, but esﬁ?ﬂatzon of the sum,
If 12 is Jarge enough, then we could argue that

1 1 M
I. — ;_ = i —— e . .
PIm——X20Xx = plim e 2}1 X0 Xx,
plim ! Eﬂ : XieeX
= m — T A e el X
1 n i Y‘ *l [N i

. 1 - ( 1 rr ’
= plim-— ¥ 7 > > €€ X X, |
naa\NT 55
The result is a combination of the White and Newey- West estimators. But the
weights in the latter are 1 rather than 1 -inL + 1)} because there js no correlation
across the groups, so the sum is actually just an average of finite matrices,

14.5.2, HETEROSCEDASTICITY
IN THE RANDOM EFFECTS MODEL

Since the random effects model is a generalized regression mode; with a known stryc-
ture, robust estimation of the covariance matrix for the OLS estimator in this context
is not the best use of the data. If a perfectly general covariance structure js assumed,
then one can simply use the results in the preceding section with a single overall con.
stant term rather than a set of fixed effects. Bug within the setting of the random ef-

fects modet, Wi = €t u, allowing the disturbance vanance of the group-specitic

component u, vary acrz}ss groups would be a ugeful CXIENsIOn. for estimation, we
CAn USe (e following strategy. sn Section 14.4.4, we inroduceq heteroscedasticity into
estimation of the random effects model by allowing the group sizes to vary. But the
estimator there (and its feasible counterpart in the next section) would be the same if,

instead of §, = ] - /(T + 692 we were faced with

earlier. If

then in (14-29), 5% the residual variance in (he LSDV medel stil] provides a consisten;
estimator of o2, within each Zroup, we can estimare o, + o2, with the residual varj-
ance based on any consistent estimator of o, B]. The ordinary least Squares estimator
Is & natural candidate, so
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sum. Therealter, an estimator of ol is

§ o= s

e N

We can now compute the FGLS estimator as before.

There is a complication in this method that is likely to be quite common. Nothing
n this prescription prevents the variance estimator from being negative. Since 7' {or
7.} is likely to be quite small although the full sample is likely to be large, there will be
a targe amount of sampling variability in s that is averaged out (over n) of 5% 50 the
difference is likely to be negative in some applications. Various patches have been
suggested for this case. An expedient suggested by Baltagi (see his pa ge 79, Table 5.1)

the ; is simply to replace negative values with zeros. This method will imply that 8.+ 0, s0
tion ' in the computation of the FGLS estimates, the data for this group will enter the sum

of squares or cross products untransformec.

EXAMPLE 14.6 Heteroscedasticity Consistent Estimation — e

The fixed effects estimates for the cost equation are shown in Table 14.2. The row of

=
%
o e

standard errors labeled White {1) are the estimates hased on the usuai calculation.
rext “ For two of the three coelficients, these are actually substantially smaller than the least
red, g squares results. The estimates labeled White (2) are based on the groupwise het-
on- & eroscedasticity model suggested earlier. These estimales are essentially the same as
ef- tl White (1). As noted, it is unclear whether (his computation is preferable. OF course, if
fic it were known that the groupwise model were correct, then the least squares compu-
we tation itsell would be metnicient and., in any event, a two-step FGLS estimator would
ato be better.
the i1he estimator of af bascd on the least squares residuals is 0.0036125. The six indi-
i, vidual estimators of ¢ are 0.04023 0.06889", 0.051612, 0.095242, 0.048172, and
' 0.06306% Three of the six estimators for o, are negative based on these resulis, which
suggests that a groupwise heteroscedastic random effects model is not an appropriate
specification for these data.
3
ri- ?
25 :
vi : 14.6. Autocorrelation
Autocorrelation in the fixed effects model is a minor extension of the model of
the preceding chapter. With the LSDV estimator in hand, estimates of the pa-
rameters of a disturbance process and transformations of the data to allow FGLS
nt f estimation proceed exactly as before. The extension one might consider is to allow
- 1 the autocorrefation coefficient(s) to vary across groups. But even if so, treating each
T group of observations as @ sample in itself provides the appropriate framework for

estimation.
In the random effects model. as before, there are additional comphications. The
regression model is

= ey Ty L -
Yy mat B+ e, b
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If €, is produced by an AR(}) process, € = p&,, +v,, then the familiar

partial differencing procedure we used before would produce?

Vi = Ve = ol —p) + B(x, — ﬂxi,.r~—1) te T pg T ufl — p)
=al —p) + B(x, — X, ) b v ol = p)
= (1(1 - ,0) + BI(X” - pxi,t*l) + Vir + Wi'

Therefore, if an estimator of p were in hand, then one could at least treat partially dif-
ferenced observations 2 — 7 in each group as the same random effects mode! that we
just examined. Variance estimators would have to be adjusted by a factor of (1 — p)}.
Two issues remain: (1) how is the estimate of p obtained and (2) how does one treat
the first observation? For the first of these, the first autocorrelation coefficient of the
LSDV residuals (so as to purge the residuals of the individual specific effects, i} is a
simple expedient. This estimator will be consistent in 7. It is in 7 alone, but, of
course, T'is likely to be small. The second question is more difficuit. Estimation is sim-
ple if the first observation is simply dropped. We saw in Chapter 13 that omitting the
first observation in a time series could lead to a serious loss of efficiency. If the num-
ber of cross-section units is small, then the same effect might arise here. But if the
panel contains many groups (large n}, then omitting the first observation is less likely
ta cause the same kinds of problems. One can apply the Prais— Winsten transforma-
tion to the first observation in each group instead [multiply by (1 — p)'?], but then an
additional complication arises at the second (FGLS) step when the ohservations are

transformed a second time. On balance, the Cochrane—Oreutt estimator is probably a

i reasonable middle ground. Baltagi (1995, p. 83) discusses the procedure. He also dis-
cusses estimation in higher-order AR and MA processes.

In the same manner as m the previous section, we could allow the autacorrelation
to differ across groups. An estimate of each p, is computable using the group mean de-
viation data. This estimator is consistent in 7, which is problematic in this setting. In
the earlier case, we overcame this difficulty by averaging over » such “weak” esti-

. mates and achieving consistency in the dimension of » instead. We iose that advantage
B when we ailow p o vary over the groups. This result is the same that arose in our
treatment of heteroscedasticity.

For the airlines data in our examples, the estimated autocorrelation is 0.5086,
which is fairly large. Estimates of the fixed and random effects models using the
Cochrane—QOrcutt procedure for cerrecting the autocorrelation are given in Table
14.2. Despite the large value of r, the resulting changes in the parameter estimates and
standard errors are guite modest.

14.7. bynamic Models
Panel data are well suited for examining dynamic effects, as in the first-order model,

Yi o & + x;fﬁ * 5}){',#--1 + €t

*See Lillard and Witlis (1978).




niliar

iy dif-
al we
- p).
treat
3f the
s a
ut, of
§ sim-
1g the
num-
if the
fikely
orma-
en an
ns are
ably a
so dis-

zlation
an de-
ing. In
2 esti-
antage
in our

1.5086,
ng the

Table
res and

model,

Bay State Gas Company
D.T.E. 05-27

CHAPTER 14 “BORITSSIGING 583

Substantial complications arise in estimation of such a model, however. In both the
fixed and random effects settings, the difficulty is that the lagged dependent variable
is correlated with the disturbance, even if it is assumed that €, 1s not itself auto-
correlated.

For the moment, we can think of the fixed effects model as an ordinary regression
with a lagged variable, We considered this case in Section 9.4.3 as a regression with a
stochastic regressor that is dependent across observations. In the dynamic regression
model, the estimator based on T observations is not unbiased, but it is consistent in 7.
That conclusion was the main result of Section 9.4.3, The finite sample bias is of order
1/T. The same resuit applies here, but the difference is that whereas before we ob-
tamned our large sample results by allowing T to grow large, in this setting, 7" is as-
sumed to be small, and large-sample results are obtained with respect to » prowing
large, not 7.The fixed effects estimator of @ = [, 8] can be viewed as an average of
estimators. For example, if T = K, then, from (14-4),

Toor

)
I

oA " ]
2 X;widxi E X;MdyiJ

Li=1

H

1 T=F »
> X;MAX;' > X/M X b,

R 4 =1

e Z thi'

i=!

The average of n inconsistent estimators will stili be inconsistent. (This analysis is
only heuristic. If T <C K, then the individual coefficient vectors cannot be comi-
puted.”’) The problem is more transparent in the random effects model. The lagged
variable is correlated with the compound disturbance in the model, since «, {which is
«,) enters the equation for every observation in group i. Neither of these results ren-
ders the model inestimable, but they do make some technique other than LSDV or
FGLS necessary.

The general approach, which has been developed in several stages in the litera-
ture,™ relies on instrumental variables estimators and, most recently {by Ahn and
Schmidt (1993)] on a GMM estimator. In either the fixed or random effects cases. the
heterogeneity can be swept from the model by taking first differences, which produces

yi/ - —‘-‘Jz.rut - (X” o xi,f --I)rB + S(yf.i'”i - ytﬂwa} + (E:‘i - Ea',{—ff)‘

This modet is still complicated by correlation between the lagged dependent variable
and the disturbance (and by its first-order moving average disturbance). Bul without
the group effects. there is a simple instrumental variables estimator available. Assum-
ing that the time series is long enough, one could use the differences, e ™ Yoo
or the lagged levels. v, , and vy, .. as one or two instrumental variables for

A

Trurther discussion is aiven by Nickell (1981} Ridder and Wansbeck (1990). and Kiviet {1993y
FSee, for example. Andorson and Tsing (1981}, AreHane (1989, Arcllano and Bond (1991). Arcllano aud
Bover (1993). and Al and Schmids (1993,
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(Ve — ¥i,_o)- (The other variables can serve as their own inslrumcﬁﬂ%ﬁzéﬁfﬁﬁs con-
struction, then, the treatment of this model is a standard application of the instrumen-
tal variables technique that we developed in Section 9.5. There is a question as (o
whether one shouid use differences or levels as instruments. Arellanc (1989} gives ev-
idence that the latter is preferable.

Ahn and Schmidt (among others) observed that the IV estimator neglects quite a
lot of information and is therefore inefficient. For example, in the first differenced
model,

Ely,le, — e, )] =0, s=0, .., -2t =2 ... T

That is, the level of y is uncorrelated with the differences of disturbances that are at
least two periods subsequent. The corresponding moment equations that can enter
the construction of a GMM estimator are

1 " i
” E y.’l?[(yil - y:',r~1) - (Xif - Xt'.r”l} 18 - 5(_)";_,_1 - Y 2)1 =0
ieq

Altogether, Ahn and Schmidt identify 7(T - V2 + 7' — 2 such equations that in-
volve mixtures of the levels and differences of the variables. The main conclusion
that they demonstrate is that in the dynamic model, there is a large amount of infor-
mation to be culled not only from the familiar relationships among the fevels of the
variables but also from the implied relationships between the levels and the first
differences.

14.8. Conclusions

Exercises

The preceding has shown a few of the extensions of the classicai model that can be
obtained when panel data are available. In principle. any of the models we have ex-
amined before this chapter and all those we will consider later, incuding the multiple
equation models, can be extended in the same way. The main advantage. as we noted
at the outset, is that with panel data, one can formaily mode! the heterogeneity across
groups that is typical in micreeconomic data.

We will find in Chapter 15 that to some extent this model of heterogeneity can he
misleading, What might have appeared at one level 1o be differences in the variances
of the disturbances across groups may well be due 1o heterogeneity of a different sort,
associated with the coefficient vectors. We will consider this possibility in the next
chapter. We will also examine some additional models for disturhance processes that
arise naturally in a multiple equations context but are actually more general cases of
some of the models we looked at above, such as the model of groupwise het-
eroscedasticity,

1. The following is a panel of data on investment (v} and profit (x) for n = 3 firms
over T = 10 periods.
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